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FIRST OF A NEW CLASS — the U.S.S. LEAHY 
(DLG16), launched at Bath July 1, 1961, will carry twin 
Terrier missile launchers fore and aft. 


The LEAHY was named in honor of Fleet Admiral 
William D. Leahy, President Franklin D. Roosevelt’s Chief 
of Staff during World War Il. 


in 1899 Admiral Leahy served on the Bath-built gun- 
boat U.S.S. CASTINE. 


BATH IRON WORKS 


Shipbuilders & Engineers 


BATH, MAINE 
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NAVAL ENGINEERING 
Definition: NAVAL ENGINEERING is the art and science applied in the 
design, construction, operation and maintenance of naval ships and their in- 


stalled equipment. 


SECRETARY’S NOTES 


1962 Election 


The names of candidates for office which had been 
proposed by the committee which had been named 
to make these nominations were presented to the 
annual meeting in the manner specified in the By- 
Laws and in each case were accepted on motion 
duly make, without additional nominations, as fol- 
lows: 


For President in 1962 


Rear Admiral R. K. James, USN, Chief of the 
Bureau of Ships Navy Department 


For two regular naval members of the Council 
to succeed Captain Frank C. Jones, USN and 
Commander Joe W. Thornbury, USN 
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Captain John W. Dolan, Jr., USN, Shipbuilding 
Assistant, Design, Shipbuilding & Fleet Main- 
tenance Div., Bureau of Ships, Navy Depart- 
ment 


Captain John H. McQuilkin, USN, Director, Ship 
Design Branch, Bureau of Ships, Navy Depart- 
ment 


Captain J. A. Obermeyer, USN, Commanding Of- 
ficer and Director of David Taylor Model Basin 


Captain H. B. Reece, USN, Deputy Chief, Office 
of Industrial Relations, Navy Department 


Captain W. D. Roseborough, Jr., USN, Branch 
Head, Submarine Branch Bureau of Ships, Navy 
Department 


For one reserve officer member of the Council to 


succeed Commander Ralph S. Lorimer, USNR: 


Commander C. M. Featherstone, Jr., USNR, Wash- 
ington Representative, Northrop Corporation 


Commander Walter D. Sharp, USNR-R, Head 
Engineer, Steam Turbines and Gear Branch, Bu- 
reau of Ships, Navy Department 


For one civilian member of the Council to suc- 


ceed Mr. H. H. Hill 


John W. Chandler, Branch Manager, York Corpo- 
ration 


F. J. Lindauer, Manager, Fairbanks Morse & 
Company 

Robert B. Nation, Manager, International Nickel 
Company 


Ballots for the election will have been in the hands 
of members for several weeks. It is hoped that there 
will be a very heavy return. The form of ballot which 
was introduced last year was adopted to simplify 
your voting as much as possible. 


Society Progress 


Progress as a technical society during the last year 
is well described in the following statement which 
was made to the members who attended the annual 
meeting which was held in the Navy Department on 
10 October 1961: 


At the annual meeting one year ago, the most 
significant thing which occurred was stated in the 
minutes as follows: 
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“Mr. Uriah L. Allen, Jr. made an appeal for 
strong consideration of adding at least one tech- 
nical meeting each year to the Society’s calen- 
dar. He stated that the Society was becoming 
thought of as a social rather than technical so- 
ciety. The President stated that this matter 
would be added to the Council’s calendar of 
unfinished business.” 


It is significant that among those who heard Mr. 
Allen’s appeal were Mr. Walter Flinn and Rear Ad- 
miral E. H. Thiele, USCG. Admiral Thiele became 
President of the Society for 1961 and from the be- 
ginning of his regime pressed consideration of Mr. 
Allen’s suggestion. 


Local Chapters 


However, Mr. Allen did not wait for Council ac- 
tion but almost at once took the first step toward 
accomplishment of what he had in mind. Within five 
months of the annual meeting, Mr. Allen took ad- 
vantage of a provision which had been written into 
the By-Laws ten years before and organized the first 
ASNE local chapter. Instead of the 20 members 
which are required to found a local chapter, he as- 
sembled 36 and received the first charter of a local 
chapter as was described in the May issue of the 
Journal. This, the Flagship Section, held its organi- 
zational meeting in June. On 3 October, less than one 
year after the original suggestion, the Flagship Sec- 
tion held its first technical meeting which is reported 
in the Local Chapter section of this Journal. 

Stemming directly from the Flagship Section, 
members in Honolulu, T. H., New York, N. Y. and 
Houston, Texas have expressed interest in forming 
additional local chapters. It is hoped that this en- 
thusiasm will continue and will expand until the 
Society’s chapters blanket the United States. 


Technical Meetings 


While the above was going on, Mr. Flinn, who is 
also a member of the Society of Automotive Engi- 
neers, realizing the administrative difficulties which 
attend the arrangements for a national technical 
meeting, proposed that such a meeting be arranged 
jointly between SAE and ASNE. This would make 
the experience for SAE for holding such meetings, 
available at essentially no cost to this Society. Mr. 
Flinn obtained agreement of the SAE to the pro- 
posed joint meeting and later our own council ap- 
proved. 

The details of the joint meeting are yet to be 
worked out. The meeting will be held at the Shera- 
ton-Park Hotel in Washington, D.C. on April 8th 
to 11th, 1963. Full details will be made available to 
our membership as soon as they are worked out. 
Since the ASNE annual banquet is scheduled for 3 
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May 1963, these two affairs will not interfere with 
each other. It is felt that our banquet has a flavor 
which is unique and that it should not be affected 
by the addition of technical sessions. 

In the meantime we have conducted correspond- 
ence with the Professional Group on Underwater 
Technology of the American Society of Mechanical 
Engineers which may lead to joint technical meet- 
ings with this organization at some future date. 


Professional Meetings 


At the first Council Meeting following the 1960 
annual meeting President Thiele suggested the pos- 
sibility of a quasi-technical meeting which might 
feasibly be arranged much more easily than a true 
technical meeting might. The program which he sug- 
gested was aimed at the management and executive 
level rather than at the practicing engineer whose 
technical interests are the matter of real concern at 
a true technical meeting. 

Admiral Thiele’s idea was accepted by the Council 
and has been pressed so expeditiously by President 
Lawrence, that such a meeting is now assured for 
1962. This meeting will be held on the day of the 
banquet. Friday, 4 May 1962, at the same location, 
the Statler Hilton Hotel in Washington. 

The program will be: 

12:00 noon Luncheon with the Honorable James 

H. Wakelin, Assistant Secretary of the Navy (Re- 

search and Development) as speaker 

2:00 p.m. (approximately) An afternoon session 
of about two hours with Vice Admiral Roy Gano, 

USN, Commander MSTS and Rear Admiral R. K. 

James, USN, Chief of the Bureau of Ships as 

speakers. : 

The exact titles of the three speaker’s talks are 
not yet known but the general theme will be “The 
Navy’s Technical Progress through 1961 and Pros- 
pects for the Future”. 

When the 1962 banquet announcements go out 
each member will be given an opportunity to pur- 
chase as many tickets for the luncheon as he wishes. 
There will be no restrictions on who may attend but 
only members may buy tickets. The price will be 
announced later. Also each member will be offered 
as many tickets, at no price, as he wishes for the 
afternoon session. There will be no restrictions as 
to who may attend the afternoon meeting except 
that admission will be by ticket only. 

The arrangements for the 1962 meeting have been 
firmed up and those for 1963 will go forward as 
rapidly as necessary and as conditions permit. Con- 
tinuance of either type of meeting will hinge very 
largely on the members’ acceptance and attendance 
at the two premiers. 

It is believed that the Council with the individual 
contributions of Mr. Allen and Mr. Flinn has regis- 
tered a remarkable accomplishment in the year be- 
tween two annual meetings. The future character 
of the American Society of Naval Engineers will 


depend to a great extent on the response to the 1962 
Professional Meeting and to the 1963 Joint ASNE- 
SAE Technical Meeting. 


Underwater Technology Symposium 


We mentioned above, correspondence with the 
Underwater Technology Professional Group of the 
American Society of Mechanical Engineers and that 
this might lead to joint technical meetings of our 
Society with this group. Since the group was only 
organized in January 1961, the following notice is 
a good indication of its strength and of the impor- 
tance of its field of interest: 

“An Underwater Technology Symposium and 

Technical Program is planned as part of the An- 

nual Winter Meeting of the ASME in New York 

this fall (29 November 1961). The symposium is 
sponsored by the newly founded ASME Profes- 
sional Group on Underwater Technology. Dr. 

George F. Wislicenus, Director of the Ordnance 

Research Laboratory, Penn State University, is 

the Chairman of the symposium. Interesting tech- 

nical papers have been selected for presentation 
at the technical sessions, and noted authorities 
will speak. Vice Admiral William F. Raborn, 

USN, Director of the Special Projects Office, 

Bureau of Naval Weapons, Dr. H. E. Sheets, 

Chief Research and Development Engineer at 

Electric Boat Division, General Dynamics Corpo- 

ration, Groton, Connecticut and Dr. Paul M. Fye, 

Director of Woods Hole Oceanographic Institute, 

are the principal speakers for the symposium. Dr. 

Harvey Brooks, Dean of the Engineering and 

Applied Physics Division at Harvard University 

will be the luncheon speaker.” 


Mrs. Helen Brand 


With deep regret we report the death of Mrs. 
Helen Brand, widow of our late past-President 
Rear Admiral Charles L. Brand, USN. It was Mrs. 
Brand who established the ASNE Brand Award 
which is now a permanent annual award of the 
Society. 


Correction 


In announcing the Brand Award for 1961 on page 
436 of the JournaL of August 1961, we stated that 
the marks attained by Lieutenant Broughton in 
standing first in Course XIIIA at MIT were the 
highest ever attained. This statement is an interpre- 
tation of the editor and is incorrect. Lieutenant 
Broughton’s academic record was outstanding but 
his marks have been exceeded slightly by several 
previous officer students in this course. In recent 
years, two of these, E. L. Perry, USCG who grad- 
uated in 1946 and V. K. Atkins who graduated in 
1948 completed the course with perfect academic 
records. 
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FLAGSHIP SECTION ASNE 
(See also page 810) 


The Society’s first local chapter, the Flagship Sec- 
tion, which is located in the Annapolis, Baltimore, 
Washington area has set a goal of 200 members by 
the end of 1962. Members of the ASNE in any cate- 
gory are invited to address a letter of application for 
chapter membership to 

Mr. Herbert F. Hathaway 
c/o General Electric Co. 
111 Park Avenue 
Baltimore 1, Maryland 

Others who are interested are urged to seek ASNE 
membership to qualify them for the Flagship Section. 

Annual “ues of the Flagship Section are $2.00 

Applic- its will be admitted when their applica- 
tion is approved and dues for the remainder of 1961 
will be only $1.00. For non-Society members, Mr. 


Hathaway will process Society applications as well 
as for the chapter or they may apply directly tq the 
Society offices. 

The Flagship Section will schedule a minimum of 
four technical meetings a year. The first of these is 
reported on page 810 of this Journal. The next one 
will be held on— 

5 December 1961 at 8:00 p.m. 
in the 
Potomac Electric Power Company Auditorium, 
11th & E Streets, Washington, D. C. 

All Society members and their guests are invited. 
The speaker will be Dr. Gene Strull, Manager Solid 
State Advanced Development Laboratory, Westing- 
house AirArm Division. His subject will be “Molec- 
ular Electronics”. 
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ULTRAHIGH MAGNETIC FIELDS 


The feasibility of producing extremely high magnetic fields with super- 
conducting solenoid magnets has been demonstrated by Bell Telephone 
Laboratories. A superconducting compound of niobium and tin (Nb:Sn), 
fabricated and reacted by special metallurgical techniques, was utilized 
in the latest experiment. This compound was first discovered at Bell Labs 
in 1954. 

Although it has been realized for many years that it is possible to pro- 
duce magnetic fields with superconducting solenoids, the materials that 
have been tried in the past would only sustain fields of a few thousand 
gauss. At larger magnetic fields the superconducting properties disap- 
pear. With the new compound, steady-state magnetic fields of 88,000 
gauss are possible. 

Indications are that the niobium-tin material will sustain fields of 100,- 
000gauss while carrying electrical currents of 100,000 amp per sq cm of 
cross section. 


Mechanical Engineering, May 1961 


CONTINUOUSLY OPERATING OPTICAL MASER 

The optical gas maser—an approach to light amplification entirely 
different from the solid-state masers recently announced by Hughes Air- 
craft Company and Bell Telephone Laboratories ("Mechanical Engineer- 
ing," September, 1960, p. 75; and December, 1960, p. 72)—has been 
demonstrated by Bell Labs. It was the result of a "planned scientific dis- 
covery." 

The new maser uses a mixture of helium and neon gas to achieve con- 
tinuous operation and the power required is only in the tens-of-watts 
range. Previous optical masers—built around crystals—required thou- 
sands, even millions of watts of power to transmit large bursts of visible 
light of very short duration. 

Mechanical Engineering, May 1961 
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COMMANDER J. W. THORNBURY, USN 


EXOTIC POWER SOURCES 


THE AUTHOR 


graduated from the United States Naval Academy in 1943, After service in 
the USS MISSISSIPPI and USS PHILADELPHIA, he was assigned to post- 
graduate instruction at the Massachusetts Institute of Technology, receiving 
the Naval Engineer degree in 1949. He subsequently served at Norfolk Naval 
Shipyard, on the staff of Commander Service Squadron 3 and at Puget 
Sound Naval Shipyard. Immediately prior to his present duty station, he was 
assigned for three years as Associate Professor of Naval Engineering at the 
Massachusetts Institute of Technology. He is presently Head of the Electrical 
Branch, Bureau of Ships. He is a member of the American Society of Naval 
Engineers, the Society of Naval Architects and Marine Engineers and Sigma 
Xi. 


“This article is the first technical paper presented at the first technical 


session of the first local chapter of the Society.” 


INTRODUCTION 


I T HAS BEEN SAID, only partly in jest, that “exotic” 
is a synonym for “expensive”. It is not in this sense 
but in the more accurate one of “unusual” or 
“foreign” that the word is used in the title of this 
paper. Further, only those power sources which 
have possible marine applications will be considered. 
Such devices as the ion propulsion engine while 
perhaps useful in outer space have litttle signifi- 
cance for powering ships on the oceans of the earth. 
Nuclear power has already proven to be a spec- 
tacular performer in improving endurance and pre- 
dictions for a bright future have been many. Since 
there are already practical operating nuclear 
systems even though there are many more possible 


but untried variations, it will not be considered 
here. Neither will fission power’s sister development, 
fusion power, be discussed since controlled fusion 
has not been demonstrated. This paper, then is 
limited to new power sources not now being used 
in ships but which might possibly be used in marine 
main propulsion plants in the future, and is further 
limited to systems which have already produced 
controlled power even though in limited amounts 
and of short duration. 

Throughout the years, marine propulsion has 
evolved from dependency on oars or sails to de- 
pendency on heat engines. Only insignificant 
amounts of other energy sources are used today in 
the propulsion of ships. Since the first installation 
of a heat engine in a ship, there has been a con- 
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tinual striving toward increased efficiency. The 
motivation is obvious. If efficiency is increased more 
power can be packed into the same space, less fuel 
is required for the same shaft output (with conse- 
quent saving in fuel costs) and since less fuel is re- 
quired for a given output, storage space required 
in the ship for fuel can be reduced and more cargo 
carried. 


The most efficient cycles now operable are those 
of large central electric power stations. Maximum 
thermodynamic efficiencies of 40 to 42 per cent are 
currently being achieved in the most modern fossil 
fuel plants. Thermal efficiency improvement over 
the next decade or two in these plants has been 
realistically appraised at raising the level to only 
about 45 per cent unless entirely new conversion 
processes are used. Since marine plants cannot take 
advantage of extensive heat reclaiming equipment 
used in shore practice because of space and weight 
limitations, the efficiency of marine propulsion 
plants* do not approach those of shore plants. Ma- 
rine plants might also expect to better present per- 
formance in about the same proportion as shore 
plants—that is, gradual but disappointingly slow 
progress can be predicted. 


All power production begins with stored energy 
in some form. For ship propulsion, this stored 
energy must be converted into mechanical energy 
at the shaft. Heat engines take the stored energy 
in a fuel, convert this to heat energy and then con- 
vert the heat energy to mechanical energy. In con- 
verting the heat energy to mechanical energy, the 
theoretical maximum efficiency is limited by Carnot 
cycle considerations. The various losses (such as 
mechanical friction and extraneous heat losses) re- 
duce the actual efficiency to a figure somewhat 
lower. Any new power source in order to be attrac- 
tive, must improve on present day practice. To 
achieve any substantial improvement, a better Car- 
not efficiency must be achieved or a power source 
not dependent on thermodynamic cycle efficiency 
must be devised. 


The Carnot cycle efficiency is: 
— T,-—T. 
ia = 





As can be seen from equation (1), the efficiency 
can be improved by increasing T, the absolute tem- 
perature at which heat is received or by decreasing 
the absolute temperature T. at which heat is re- 
jected. For marine applications, T, is fixed or at 
least is not under the control of the system designer 
since the ocean provides the heat sink. Since T, 
cannot be reduced improvement in Carnot effi- 
ciency must come from an increase in T,. Thermi- 
onic and magnetohydrodynamics processes employ 
temperatures greatly in excess of steam turbines 


* The best diesel engines (with fuel rates as low as 0.315 
Ibs/SHP-hr reported) are exceptions to the above generalization. 
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or internal combustion engines and thus effectively 
raise T,. 

Another approach to improving efficiency would 
be to reduce mechanical losses. Thermoelectric and 
thermionic generation in which the actual conver- 
sion of heat energy into electrical energy is 
achieved with no moving parts offer some promise 
of improvement. 

If the conversion of the energy stored in a fuel 
can be achieved directly without going through the 
intermediate conversion to heat energy then Carnot 
cycle limitations would not be a factor. The fuel 
cell operates in this manner. 

In the succeeding sections some of these schemes 
will be examined with an eye to possible marine 
application. 


THERMIONIC CONVERTERS 


The first “exotic” scheme to be considered is the 
thermionic converter which, as will be seen is a 
static heat engine. The advantages of no mechanical 
losses are immediately achieved as are high operat- 
ing temperatures with the apparent possibility of 
obtaining improved Carnot efficiency. 

It has long been known that sufficiently high 
temperatures will cause emission of electrons from 
the surface of a heated solid. The principle has been 
used for many years in electronic tubes, but not as 
a basic method of generating electricity. As long 
ago as 1915, Schlichter proposed that thermionic 
emission might be used for power production. In 
the twenties, Charlton and Langmuir studied cesi- 
um filled diodes for such a purpose. Until very 
recently however, very little effort had been con- 
centrated on the very formidable problems in- 
volved. Research in this area is now being pursued 
by, among others, Westinghouse, General Electric, 
R. C. A., Massachusetts Institute of Technology and 
Thermo-Electron Engineering Corporation. Some 
measure of success has been achieved. 


The operation of the thermionic converter can 
be rather simply explained. The schematic diagram 
of such a device is shown in Figure 1(a). The 
cathode is heated and electrons are “boiled off” 
into an evacuated space. The anode, which is 
cooled, attracts the electrons which then flow from 
the anode through the load and back to the cathode. 


As heat is applied to the cathode, the electrons 
at the cathode surface are raised to a potential level 
greater than the work function ¢. of the cathode. 
Once the work function of the cathode is exceeded, 
electrons are driven off into the space between the 
anode and cathode. When an electron strikes the 
anode, it must surrender a potential equal to the 
work function of the anode ¢,. The energy level 
involved is illustrated in 1(b). It may be noted that 
the output voltage available is equal to the dif- 
ference in Fermi levels between the anode and 


cathode. 
In a high vacuum diode the electrons driven off 
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(a) Schematic Diagram of Thermionic Inverter. 
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(b) Work Functions and Potentials of An Idealized Ther- 
mionic Inverter. 


Figure 1 


from the cathode must possess sufficient energy to 
overcome the space charge which will be built up 
in the diode. This is not indicated in Figure 1(b). 
In order to minimize the effects of this space 
charge, the spacing between the cathode and the 
anode must be kept extremely small. This spacing 
should not exceed a few mils and preferably should 
be one mil or less. This points out two difficulties. 
(1) Maintaining such close tolerances in any but 
small devices would be extremely difficult. (2) 
Since the thermionic converter is a heat engine, the 
‘difficulty of maintaining the necessary temperature 
differential between the cathode (heat source) and 
anode (heat sink) is extremely difficult with such 
close spacing. 

The space charge problem can be overcome by 
filling the space between the anode and cathode 
with enough slow moving positive ions to neutralize 
the field created by the electrons. This is currently 
being done in most thermionic converter work by 
introducing a gas such as cesium into the cathode- 
anode gap. The cesium ions create a_ positive 
charged plasma which neutralizes the space charge 
built up by the electrons. One positively charged 
cesium ion effectively neutralizes the space charge 
of several hundred electrons. 

Even with a cesium plasma, cathode-anode spac- 
ing unfortunately, must still be extremely small. 

The output of a single thermionic converter is 
at a relatively low voltage of approximately one to 
two and a half volts. In order to obtain higher volt- 
ages, the cathode temperature must be extremely 
high. Efficiencies are, of course, strongly effected by 
the cathode temperature also. To obtain efficiencies 
which would be attractive, cathode temperatures of 


the order of 2000 to 2500 degrees Kelvin must be 
obtained. 


At the present time, thermionic efficiencies in the 
20 per cent range have been achieved. Theoretically, 
efficiencies of 50 to 60 per cent are possible but a 
realistic practical goal might be 40 per cent thermal 
efficiency. 

To achieve efficiencies at this level requires de- 
velopment of materials able to withstand the high 
temperatures involved and a source of heat capable 
of providing the necessary temperatures. The ma- 
terial must be highly refractory and in order to 
achieve long life must have a low evaporation rate. 
To be useful they must have also a high electron 
emitting capacity. Research in this largely unex- 
plored materials area should provide the necessary 
refractories. A nuclear reactor could provide the 
high temperatures required. 

The formidable problems yet to be solved make 
it highly unlikely that thermionic generation will 
be part of any marine unit for many years, if ever. 
One ray of hope is that high efficiencies of the 
thermionic device alone is not necessary. With the 
high temperatures theoretically available from a 
nuclear reactor the thermionic unit could be used 
as a “topping device.” The “waste heat” from the 
thermionic converter could be used as the heat 
source for a conventional steam plant. A calculated 
example [3] of just such a scheme assumed a nu- 
clear steam plant having 27 per cent efficiency. A 
thermionic topping unit of 20 per cent conversion 
efficiency was added. The resultant overall effi- 
ciency was raised to 42 per cent! 


MAGNETOHYDRODYNAMICS 

Magnetohydrodynamics refers to the use of a gas 
passing through a magnetic field to generate an elec- 
tric current. In a magnetohydrodynamics (MHD) 
generator, thermal energy is directly converted to 
electrical energy. 

The MHD generator utilizes the Faraday prin- 
ciple of a moving conductor in a magnetic field and 
in this respect does not differ from a conventional 
generator. The differences arise in what kind of 
conductor is used and what kind of energy is being 
converted. In a conventional generator copper con- 
ductors are utilized. In a MHD generator a conduct- 
ing compressible fluid (plasma) is used. In a con- 
ventional generator the mechanical energy provided 
by a mechanical heat engine forces the conductor 
through the magnetic field. In the MHD generator, 
no mechanical source is required. Figure 2 may be 
used for a simple explanation of the theory of the 
MHD generator. An ionized gas flows through a 
magnetic field in a channel (in the sketch the di- 
rection would be into the paper) and has an emf 
induced in it. Electrodes are inserted in the gas 
stream acting much like brushes in a direct current 
generator to pick up current fror. the electromo- 
tive force generated. This current then passes 
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Figure 2. Schematic of MHD Generator. 


through the load in a conventional manner and back 
into the plasma. 

The preceeding explanation while simple in prin- 
ciple, describes a process which is somewhat more 
complicated. A high intensity heat source must be 
used to raise the temperature of a gas sufficiently 
high to ionize it so that it is a conductor and to 
impart enthalpy to the gas. This increase in energy 
level or enthalpy as well as increasing the tempera- 
ture raises the pressure of the gas. The increased 
pressure provides the force to move the conducting 
gas (plasma) through the magnetic field where 
electricity is generated at the expense of a decrease 
in enthalpy of the gas. Similar to gas and steam 
turbines, the gas will leave the generator at a lower 
temperature and pressure than that which it had 
upon entrance but to be effective the exit tempera- 
ture must remain above the level required to main- 
tain ionization or conductivity. 


If air is used as the conducting fluid it must be 
heated to approximately 6740°F to ionize it suffi- 
ciently to make it conductive. Seeding methods 
whereby alkali metal vapors are added to the air 
may reduce this temperature to approximately 
4000°F. To obtain temperatures at this level with 
fossil fuels requires preheating the air to 2000°F 
prior to combustion or the use of pure oxygen in- 
stead of air. 


The MHD generator is mechanically simple with 
no moving parts. However, just as with the thermi- 
onic converter the material problems are tremend- 
ous. The channel through which the plasma must 
flow must be able to withstand extreme tempera- 
tures without excessive vaporization and in addition 
must be able to withstand the erosion which is 
probable with gas velocities in the neighborhood of 
2000 miles per hour. 


Operating at these high temperatures provides a 
very attractive Carnot cycle efficiency. Actual 
thermal efficiency in the 55-60 range have been pre- 
dicted but only in very high power ranges. Efficien- 
cy increases with size and MHD apparently will 
find its greatest potential in power plants of 100 
megowatts or greater, well in excess of most marine 
requirements. 

As with thermionic emission, MHD will most 
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likely find its place as a topping device. It must re- 
ject heat at a temperature established by the mini- 
mum acceptable conductivity of the gas. This re- 
jected or “waste” heat would then be used in a 
conventional steam cycle plant. 

There appears little likelihood that MHD will be 
used in marine power plants. If research results in 
lowering the necessary ionization temperature it 
may eventually become practical for marine use. 
This possibility is considered remote. 


THERMOELECTRIC CONVERSION 


A thermoelectric generator is a collection of 
thermocouples suitably connected receiving heat at 
a high temperature and rejecting it at a lower tem- 
perature. As such, it is a Carnot cycle limited heat 
engine but as with the thermionic converters or 
MHD it has no moving parts and suffers no me- 
chanical losses. Figure 3 is a simple schematic show- 
ing only one thermocouple. In a practical device 
there will be many pieces of p- and n- type semi- 
conductor materials connected in series electrically 
with the junctions of one kind at a higher tempera- 
ture than those of the other kind. 
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Figure 3, Schematic of Thermoelectric Generator. 











Almost 150 years ago, Thomas Seebeck noted the 
phenomenon on which thermoelectricity is based. 
Because of lack of knowledge of materials and re- 
duced incentive caused by development of heat en- 
gines little work was done in the field until very 
recently. Practical use was limited to the familiar 
thermocouple measuring devices. 

The tremendous advances in basic solid state 
physics since World War II and the technological 
improvements in semiconductor material manufac- 
turing and fabrication provided startling improve- 
ment in thermoelectric generation potentiality in 
recent years. Efficiencies improved from negligible 
amounts by orders of magnitude. These gains gave 
rise to considerable optimism that further dramatic 
gains were just over the horizon and that thermo- 
electric generation could be a serious competitor 
in the generation of power. The possibility of in- 
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stalling thermoelectric elements directly “in pile” 
in a nuclear reactor is extremely attractive. The 
complexities of primary coolant-secondary coolant 
loops, pumps, heat exchangers and so on would be 
largely eliminated. Heat would be supplied at the 
hot junction by the fission process and sea water 
would provide the coolant or heat sink. Alterna- 
tively, fossil fuels could be used in the same man- 
ner. 


Since the first early successes, progress has been 
disheartingly slow. Thermal efficiencies have im- 
proved to the neighborhood of five per cent. This, 
contrasted with the 40 per cent of a fossil plant or 
the 28 per cent of a nuclear plant in shore practice, 
shows that several fold improvement is necessary 
before thermoelectric generation for large power 
production can be practical. In certain specialized 
applications such as SNAP (space nuclear auxiliary 
power) or similar schemes for lighted buoys the 
low efficiency is of secondary importance. In such 
applications, thermoelectric generation can find a 
place. To reach efficiencies that will be attractive 
for powering ships, new materials will have to be 
discovered. What these materials may be is not 
known and indeed they may not even exist. 


FUEL CELLS 


The three schemes examined so far have a com- 
monality in that they are all heat engines, although 
static, and are thus Carnot cycle efficiency limited. 
The fuel cell does not rely on temperature differ- 
entials between heat sources and sinks but is en- 
tirely different in concept. 


The fuel cell is an electrochemical device for 
directly converting chemical energy into electrical 
energy. The intermediate step of conversion to heat 
energy is avoided. The common flashlight battery is 
also an electrochemical device which converts 
chemical energy into electrical energy. The fuel cell 
and the flashlight battery are both primary batteries 
—but with a difference. In the flashlight battery the 
fuel and oxidant that combine to provide the elec- 
trical energy are sealed in the battery case. When 
they are totally combined the cell is thrown away 
and a new one purchased. In the fuel cell the fuel 
and oxidant are stored external to the cell and fed 
to it continuously and at a rate determined by the 
electric load. Waste products are continuously re- 
moved. The fuel cell, for this reason, is often termed 
a “continuous feed primary battery.” 


In a heat engine utilizing fossil fuels, the heat of 
reaction when the fuel combines with an oxidant 
provides the heat source. With present engines a 
large proportion of the heat thus generated is re- 
jected to a heat sink. In a fuel cell when the fuel 
combines with an oxidant there is a free energy 
change with ideally all the free energy change be- 
coming available as electrical energy. None of it 
need be rejected in order to make the reaction go. 
Without considering the difference between heat of 


reaction and free energy change except to state that 
it often is of negligible consequence, the practical 
advantage of a fuel cell over a heat engine is im- 
mediately apparent. If both were using the same 
type and amount of fuel, substantially greater 
energy output from the fuel cell could be expected 
than from a process involving conversion from 
thermal to mechanical or electrical energy. 
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Figure 4. Schematic Diagram of a Fuel Cell. 


The essential parts of a fuel cell are shown 
schematically in figure 4. They are a fuel electrode, 
an oxidant electrode and an electrolyte. The fuel 
may be hydrogen, alcohol, hydrocarbons, metals or 
any other oxidizable substance. The oxidant may 
be oxygen, air, peroxides, chlorine, fluorine or any 
one of a wide variety of other agents. Electrodes 
have been constructed from carbon and from met- 
als. The electrolyte may be aqueous, liquid molten 
salts, molten salts in a ceramic matrix or acidic as 
in an ion-exchange membrane. Operation may be at 
high or low temperature and at high or low pres- 
sure. The possible combinations of substances and 
operating conditions are myriad. 

Dr. J. B. Friauf in [5] has described the type of 
cell desired for U. S. Navy applications as: 

“A fuel cell which would burn a cheap hydro- 
carbon fuel directly in the fuel cell, using air as an 
oxidant when air is available, and oxygen, or an 
even better oxidant if one can be found, when air 
is not available; would do this at about room tem- 
perature and pressure; and would also be of rea- 
sonable size, weight, and cost, and of high reliability 
and long life.” 

Such a cell is not available at this time. Cells 
burning hydrocarbons directly have been devised 
but none of them have come close enough to the 
foregoing criteria to be practical in the immediate 
future. The degree of success achieved however, is 
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such as to suggest that they may someday be a 
reality. One of the largest, if not the largest, un- 
sponsored research efforts in the country today is 
directed toward achieving an economically attrac- 
tive fuel cell. Success could have a terrific impact 
on the nation’s economy. There is considerable gov- 
ernment sponsored research aimed at specific appli- 
cations also being carried on. While these do not 
insure success, the magnitude of effort indicates 
that there is considerable informed opinion that 
such a goal is achievable. 


Since the ultimate goal of the fuel cell burning a 
cheap hydrocarbon fuel directly has not been 
achieved and does not appear possible in the near 
future, consideration should be given to fuel cells 
operating on other fuels. The cells which have been 
most successful to date are various hydrogen-oxy- 
gen fuel cells and the sodium-amalgam-oxygen fuel 
cell. In the hydrogen-oxygen fuel cell, the fuel is 
hydrogen and the oxidant is oxygen (which may be 
in the form of pure oxygen or obtained from air). 
The waste product in this case is pure water. In 
the sodium-amalgam fuel cell, sodium is amalga- 
mated with mercury to prevent the violent reaction 
when sodium touches water. The amalgamated so- 
dium is fed to the fuel electrode. The oxidant is 
oxygen or air. Sodium, oxygen and water are com- 
bined resulting in sodium hydroxide as the waste 
product. Since sodium hydroxide is also the elec- 
trolyte in this cell, removal is simply accomplished 
by draining off electrolyte and adding sea water to 
make up for the water which is lost. 

The sodium-amalgam fuel cell uses a rather ex- 
pensive fuel. Also, considerable caution must be 
exercised in the handling of sodium. Since amal- 
gamated sodium is a good electrical conductor, spe- 
cial means must be used to prevent short circuiting 
cells connected in series. (This latter problem has 
been solved by the M. W. Kellogg Co.) There are 
some off-setting advantages of this cell to go along 
with the disadvantages previously mentioned. The 
cell works well electrochemically and individual 
cell voltage is approximately twice that of the 
hydrogen-oxygen fuel cell. Practically, this means 
that fewer cells need be connected in series for a 
given output voltage. Also, the disposal of waste 
products as previously mentioned, is very simple. 
The cell should have extremely long life since there 
is nothing inherent in the cell or electrode con- 
struction which should limit life. 

There are some problems with the hydrogen- 
oxygen fuel cell also. These are: 

1. It requires hydrogen as a fuel. The storage of 
large amounts of hydrogen on board ship is highly 
undesirable. 

2. In most cells, there is a problem of dilution of 
the electrolyte by the product water requiring 
either electrolyte make-up or some recirculation 
scheme to get the water out of the electrolyte. 

3. To date, all reported hydrogen-oxygen fuel 
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cells have a life which is unacceptably short for 
most applications. 


The first problem may be solved by generating 
hydrogen on board from some other fuel. Hydrogen 
can be produced in a good many different ways. It 
may be simply produced from such materials as 
metal hydrides but this would be prohibitively ex- 
pensive for most uses. Fortunately, hydrogen can 
also be generated from various hydrocarbon fuels, 
methyl alcohol and ammonia. In the case of the 
hydrocarbons and methy] alcohol, it can be accom- 
plished by steam reforming. In the case of ammonia, 
hydrogen may be generated by thermal decomposi- 
tion. These reactions are generally endothermic 
and therefore, require the addition of energy. Prac- 
tically, this means that part of the fuel carried must 
be burned in the hydrogen generator in order to 
obtain hydrogen for the fuel cell. This is not neces- 
sarily an extremely wasteful process. For example, 
in the reforming of methanol, it is theoretically pos- 
sible to obtain sufficient hydrogen to provide in 
excess of 90 per cent of the thermal energy original- 
ly available in the total methanol used. Production 
of hydrogen from hydrocarbons is now being ac- 
complished commercially at about 65 per cent effi- 
ciency on the basis of energy available originally to 
that available in the hydrogen produced. 

Fuel cells theoretically can approach 100 per cent 
efficiency based on free energy change. Actual effi- 
ciencies of the order of 70 per cent are being 
achieved. Starting with a hydrocarbon fuel, such as 
diesel oil, and reforming it to produce hydrogen, it 
is now possible to obtain an overall pounds of fuel 
per shaft horsepower hour intermediate between 
marine steam and diesel plants. Theoretical calcu- 
lations using JP-4 (naptha) indicate the possibility 
of bettering considerably the best diesel fuel rate if 
this fuel is used to produce hydrogen. Direct con- 
version of the fuel, when achieved, should give effi- 
ciencies in the 70 per cent range. 

While the efficiency of the hydrogen generation- 
fuel cell combination would be attractive for some 
purposes now, improvement in life is necessary be- 
fore it could be considered a real competitor in the 
marine field. Specialized applications might accept 
life in the order of thousands of hours. But to be 
truly competitive, life in the tens or hundreds of 
thousands of hours of operation appear mandatory. 


SUMMARY 


Problems associated with thermionic, magnetohy- 
drodynamics and thermoelectric power generation 
are mainly in the materials field. Although the 
problems may be solved, these systems do not ap- 
pear to be prospects for marine propulsion for many 
years to come. Problems with the fuel cell appear 
much less difficult of solution. Based on the state- 
of-the-art of the fuel cell, it appears probable that 
they will be real competitors in power production 
within the next decade. 
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The problems of space, weight and costs of all 
of these systems have been avoided in this paper. 
While informed estimates might be made at this 
time, they would be only estimates and of dubious 
validity. 
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ZIRCALOY-2 PRODUCED BY POWDER METALLURGY 


Zircaloy-2, produced by a unique powder-metallurgy process, is com- 
mercially available from the Metallurgical Products Department, Detroit, 
Mich., of General Electric. A modified hot-pressing technique is used to 
produce finished or semifinished shapes requiring only light machining. 
The process can also be used for such refractory metals as columbium and 


tantalum. 


Even special shapes can be held to close tolerances to eliminate the 
cost of machining and the loss of valuable material. For extruded tubing, a 
hole can be formed directly in a Zircaloy-2 billet without drilling or pierc- 


ing. 


Zircaloy-2, a zirconium-base alloy, offers the nuclear industry low neu- 
tron cross section, good mechanical strength, heat resistance, and excel- 
lent corrosion resistance to high-temperature steam. 


For chemical applications at room temperature it resists attack by most 
organic acids, all concentrations of nitric, some concentrations of sul- 
furic, and in general hydrochloric and other chlorides. Alkaline-solution 
attack is resisted and it also has a high resistance to violently corrosive 


materials. 


Outstanding physical characteristics are those normally associated 
with a wrought product. For instance, the density of 6.57 grams per cc, 
which is 100 per cent of theoretical. There is freedom from porosity and 


properties are nondirectional. 


Mechanical Engineering, August 1961 





any type of application. 





SAFETY FIRST! 


Any apparatus that develops THRUST is ONLY as safe and dependable as the BEAR- 
ING which transmits the thrust from the moving to the stationary parts. 
KINGSBURY THRUST BEARINGS, embodying the original concept of the pivoted 


shoe and the self-renewing oil film, offer the maximum in safety and dependability for 


THEY ARE BACKED BY 50 YEARS OF EXPERIENCE & KNOW-HOW 


SPECIFY KINGSBURY! 


@® ; 
Kingsbury Machine Works, Inc. Kyser Frankford, Philadelphia 24, Pa. 
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tects and Marine Engineers, having been elected to that office for a term of 





General view of Bath Iron Works plant about 1957. 


two years in November 1960. 


Rew GREAT American industry of shipbuilding was 
born at the mouth of the Kennebec River in Maine, 
12 miles from Bath, 354 years ago. There, in the 
awesome stillness of the lonely Maine coast and the 
trackless wilderness, the pinnace Virginia of Saga- 
dahoc was built in 1607 by the Popham colonists. 
Fashioned of native oak and pine, she became the 
first American vessel to engage in overseas com- 
merce. It was in the historical wake of a strong and 
able ship—the Virginia (built in Maine!)—that the 
American Merchant Marine was later developed. 
In this development no river and no port played 
more prominent roles than the Kennebec and Bath 
in the days of sail. In the capable hands of succeed- 
ing generations of shipbuilders, the standards of 
quality and seaworthiness set by the colonists in 


1607 have been conscientiously carried on for over 
three and a half centuries. 

As it did in the era of sail, the great heritage lives 
on in the era of steam. It will live in the dawning 
era of nuclear power. This legacy is timeless, des- 
tined to serve America as long as men sail the deep 
waters. 

As the sole surviving shipyard of scores which 
once lined the Kennebec River, the Bath Iron 
Works Corporation is keenly aware of this heritage 
of fine craftsmanship established and maintained 
for so many years on these shores. Since Sir George 
Popham built the Virginia, over four thousand 
ocean going ships of wood, iron and steel have been 
launched from the Kennebec’s shipyards. 

In 1826 the Bath Iron Works started as a small 
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The first Bath built ship. Pinnace Virginia Of Sagada- 
hoc, built in 1607. Photo of model. 


foundry. It was succeeded in 1884 by the Bath Iron 
Works, Ltd. General Thomas W. Hyde, first presi- 
dent and principal owner of Bath Iron Works added 
the manufacture of equipment and machinery for 
ships to the foundry business. The company’s first 
shipbuilding contract, received in 1889, was for the 
construction of the wooden steamer Cottage City, 
which operated in the passenger and freight bus- 
iness between Portland, Maine and New York City. 

In 1890 contracts were obtained from the United 
States Navy for construction of the steel gunboats 
Machias and Castine. These ships were the first of 
a long line of Naval vessels—a battleship, cruisers, 
torpedo boats, destroyers, destroyer leaders, frigates 
. . . to be built by the Bath Iron Works. 

During the decade from 1890 to 1900 the company 
built thirty vessels, including the passenger steamer 
City of Lowell; the Aphrodite, the largest and fast- 
est steam yacht ever built in this country up to 
that time; the first composite, electrically lighted 
lightship; the Winifred, the first ocean-going Ameri- 
can tramp steamer; and the Dahlgren and Craven, 
the fastest torpedo boats in the Navy up to that 
time. 

The Bath Iron Works was most fortunate in ob- 
taining, from the beginning, some excellent tech- 
nical men, such as Charles E. Hyde, a brilliant 
marine engineer and a cousin of General Hyde, who 
designed and built the first triple-expansion engine 
in America. Scotch and English workmen from the 
Clyde formed a nucleus of skilled labor and taught 
Bath’s builders of wooden ships the new techniques 
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of iron and steel shipbuilding and steam propulsion 
when the wooden sailing ships were on the way out. 
Early in the 20th century such outstanding men as 
Charles P. Wetherbee and John McInnes added to 
Bath’s reputation for outstanding ships. 

About the turn of the century, the Bath Iron 
Works launched the torpedo boat destroyers Bag- 
ley, Barney and Biddle. These small (157’-0”), fast 
boats, with plating 4%” thick, were the last torpedo 
boats to be authorized by the Navy until the day 
of the PT boats of World War II. 

In 1906 the Battleship Georgia (BB15) was de- 
livered to the United States Navy, in that day the 
fastest and one of the most powerful battleships 
afloat. 


The years from 1910 to 1920 saw the change from 
coal-fired to oil-fired boilers for turbine driven de- 
stroyers and the building of the destroyer Wads- 
worth, the first geared turbine vessel in the U. S. 
Navy. The Bath Iron Works designed and built 
many of the famous four-pipers during World War 
I, seven of which were transferred to Great Britain 
in the darkest hours of World War II and helped 
materially in saving England’s merchant fleet from 
destruction by German submarines. 

Prior to 1917 the company had been owned and 
controlled by various members of the Hyde family, 
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“Bath Iron Works 
USS Katahdin, Armored ram, built by Bath in 1895. 





Bath Iron Works 
USS Castine, Gunboat. 1890. 
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Bath Iron Works 
USS Georgia, Battleship. 1906. 
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Bath Iron Works 
td USS Chester, light Cruiser. 1909. 
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but in that year, due to the death of John S. Hyde, 
son of General Hyde, the plant was sold by his es- 
tate and became a publicly owned company with 
a bonded debt, an issue of preferred and an issue 
of common stock totaling $3,000,000. 

Shipbuilding was at a low ebb in the years im- 
mediately after 1920. Lack of profitable work found 
the company unable to meet the interest on its 
funded debt, and it was obliged to suspend opera- 
tions in 1925 after an active and noteworthy career 
of 35 years of shipbuilding and marine engineering. 
The plant was subsequently sold under foreclosure 
to New York interests, who proceeded to dismantle 
it for such salvage value as it would produce. 


In 1927 William S. Newell, Works Manager of the 
old Bath Irons Works, Ltd., together with Archibald 
M. Main reopened the Bath yard as the Bath Iron 
Works Corporation. 

The Bath Iron Works was re-equipped, to some 
extent, with machinery purchased from the famous 
William Cramp & Sons Shipyard of Philadelphia, 
then in liquidation. 

Bath’s first contract under “Pete” Newell’s man- 
agement was for a 240 foot yacht, the Vanda. This 
was followed by numerous other large yachts, in- 
cluding the Corsair for J. P. Morgan and the Aras, 
later the Presidential yacht, Williamsburg, and sev- 
eral trawlers for the Boston fishing fleet. Seven 165 
foot Coast Guard Cutters followed the yachts. 

In 1931 Bath submitted a bid for the first de- 
stroyer to be built by the Navy since World War I. 
About this time rumors spread that the Bath Iron 
Works had no business bidding on Navy work, since 
it was an old, dismantled plant, cleaned out and 
done for. It might bid but it’s ability to perform was 
questioned. The last Navy destroyer to be delivered 
in 1921, however, had been the Pruitt, launched at 
Bath. The Pruitt had established a record as an 
outstanding ship. Bath’s prestige as a builder of 
high grade destroyers survived with such ships as 
Pruitt and the other destroyers built prior to and 
during World War I—even when her financial for- 
tunes were very low. Her bid on the new destroyer 
was the lowest submitted and the company was 
awarded the contract. The ship, the USS Dewey 
(DD349) was completed on schedule and her fine 
performance reaffirmed the Bath tradition for ex- 
cellent workmanship. 


The contract for the destroyers Drayton and 
Lamson, designed by Gibbs & Cox, Inc., of New 
York, followed the Dewey. These ships were the 
forerunners of the destroyer designs culminating in 
the 2100 and 2200 tonners which later fought the 
battles of World War II in the far reaches of the 
Pacific, off the beaches of Normandy and Casa- 
blanca and in the stormy waters of the North 
Atlantic. 

Throughout the 1930’s Bath continued to build 
fishing trawlers, many of which are still operating 
out of New England ports; the Boston College, Holy 
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Cross, Georgetown, the Ebb and Flow, the Swell, 
Surf and Storm, the Arlington and Winchester; in 
all, eighteen were built during this period. 

The Class J Sloop, Ranger, Defender of the 
America’s Cup in 1937, was built by Bath. She not 
only successfully defended the Cup, but was never 
beaten in any regularly scheduled race in which she 
participated. Harold S. Vanderbilt, owner of 
Ranger, in his book, “On the Wind’s Highway,” 
says, “The officers and employees of the Bath Iron 
Works deserve no small measure of whatever credit 
may be due for the Ranger’s success. Mr. Newell’s 
sporting cost-basis offer (of construction) was the 
deciding factor in my decision to proceed single- 
handed with her construction. I have never seen a 
vessel built as quickly or as well.” And the noted 
yachtsman, Sherman Hoyt, says of her in his 
“Memoirs”—“Take her all in all, we shall not look 
upon her like again!” 

In 1936 Bath became a publicly owned company 
with 395,000 shares outstanding. Its stock was at 
first listed on the old Curb Exchange but in 1940 
was listed on the New York Stock Exchange. The 
original issue was sold to the public for $12 per 
share. Stock dividends have increased the number 
of shares outstanding to approximately 420,000. 

With the approach of World War II Bath built 
the Harding Plant on a 60-acre site 3% miles from 
the main plant, because of limited room to expand 
at the shipyard. This plant embraced a fabricating 
shop, complete with mold loft, heavy metalworking 
machinery, bending floor and assembly areas, a gal- 
vanizing plant and a sizable warehouse. The con- 
struction of this plant was undertaken suddenly on 
the strength of a telegram received from Secretary 
of the Navy, Knox, soon after the fall of France in 
June 1940, which said, “Take immediate steps to 
expand your facilities with view to greatly enlarged 
shipbuilding program. Speed is of the essence.” 
Bath took “immediate steps” and as a result the 
Harding plant was 70 per cent completed when 
the Navy contract authorizing its construction was 
received—in September 1940. The new facility was 
completed in December 1940 and in full operation 
long before many shipyards had turned a spadeful 
of dirt to expand their plants for the great ship- 
building expansion of 1940-42. 

In addition to building the Harding Plant, the 
Company purchased a large portion of the Maine 
Central Railroad’s freight yard adjoining the north- 
ern boundary of the shipyard in 1941. On this site it 
built a new double set of building ways, a large 
warehouse and an assembly shop and a new station 
for the railroad. The main fitting-out wharf was 
reconstructed and enlarged at the same time. 

As a result of the rapid addition of new facilities, 
the yard was able to deliver the first 2100, the first 
2200 and the first 2250-ton destroyers, the largest 
types built during World War II and reached a com- 
pletion rate of twenty-one ships a year in 1943. A 
total of 86 such vessels was delivered during the 
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Bath Iron Works 
USS Drayton (DD23) 700 ton Torpedo Boat Destroyer. 1910. 








Bath Iron Works 
USS Pruitt (DD 347). Last of the “four pipers,” making 36.47 knots. 1920. 
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Bath Iron Works 
USS Dewey (DD 349). The first post-W.W. I Destroyer. 


war period, nearly one fourth of all the destroyers 
built in the United States. Employment reached 
12,000 at the height of the program. 

In 1940 Todd Shipyards Corporation and Bath 
Iron Works affiliated as the Todd-Bath Iron Ship- 
building Corporation to build 30 cargo ships for the 
British Purchasing Commission. These ships were 
built in a new basin type shipyard at South Port- 
land, Maine. This was the first basin type shipyard 
built in the United States. Several yards have now 
adopted the basin technique for ship construction. 

Within four months of the start of the Todd-Bath 
Iron basins, the Maritime Commission requested the 
company to build a second shipyard to the west of 
the Todd-Bath Iron Shipyard. This yard, an inclined 
ways shipyard, became the South Portland Ship- 
building Corporation, also jointly managed by Bath 
and Todd. Later both yards at South Portland were 
merged as the New England Shipbuilding Corpora- 
tion. Over 30,000 were employed at the South Port- 
land shipyards at the peak of the war effort and 
from the seven basin berths and the six conven- 
tional ways were launched the impressive total of 
30 British Ocean Class ships and 244 Liberty ships. 

The oldest destroyer in the Navy during World War 
II was the four-stacker Allen (DD66). Launched in 
1917, she was in the front lines when the bombs fell 
at Pearl Harbor. The life of a destroyer is 16 to 20 
years, but after a quarter of a century of service the 
Allen was still in there pitching. She continued in 
service throughout the war. 

The Bath ships fought well during the War. Not 
all of the ships from the Kennebec led the charmed 
life of the Sigourney, which took part in most of the 
major Pacific operations, from the Solomons through 
the Philippines, including the fierce battle of Leyte 
Gulf and came through without a scratch. There 
was also the “Lucky Ludlow,” and the Queen of the 
Tin Can Fleet, O’Bannon, which for all her brilliant 
encounters, came out unscathed, even from her 
close engagement with a Japanese battleship. Others 
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were not so lucky. Eight sank under enemy bombs 
or gunfire. The Spence was lost in a typhoon. 

The Stembel got the name of the “Black Sheep” 
because she so often fought alone. In the invasion 
of the Marshalls, she was a rendezvous ship—not 
the pleasantest of jobs. At Guam, she was traffiz 
director. 

O’Brien fought at Iwo Jima. She had been 
wounded badly at the Normandy beachhead but 
they patched her up and sent her out into the Pa- 
cific. The kamikazes ripped her open at Lingayen 
Gulf, but the crew jammed mattresses into the holes 
and kept going. 

Another kamikaze-struck Bath ship was the 
Hughes. After long and brilliant war service a sui- 
cide plane crashed through her port side into the 
engine room and exploded. Groggy but not out, the 
Hughes kept going. She got patched up at Hum- 
boldt Bay, a little more at Pearl Harbor and com- 
plete repairs in San Francisco. Then she returned 
to Japan to help enforce the terms of surrender. 

The Wadleigh got her baptism of fire attacking 
Ailinglapalap Island in the Marshalls. At Saipan she 
saw heavy action. Later in Kossol Passage she 
struck a mine, lost all power, got herself tied up to 
a floating drydock, escaped Jap bombs that dropped 
all around, rode out a typhoon and limped into 
Pearl Harbor for repairs and was patched up in 
time to steam into Tokyo Bay with our victorious 
fleet. 





Bath Iron Works 
USS Drayton (DD 366). Making more than 41 Knots! 
1936. 
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USS Bigelow (DD 942), one of the nine 2850 ton destroyers built by Bath between 1955 and 1958 steams down the 


Kennebec from Bath to Popham on the sea. 


The Nicholas, Chevalier, Strong, Taylor and De 
Haven—the first of the 2100-tonners, fought for the 
most part in concert. With them would often be the 
Aaron Ward, Barton and Laffey. The Strong was 
torpedoed and sunk in the Kula Gulf, the Chevalier 
was split in half by a torpedo in the fierce action 
at Vella Lavella. The Nicholas operated in the Slot 
for many months, was in the covering force as our 
flag was returned to Luzon Island and helped in the 
recapture of Corregidor. 


The Laffey survived what was probably the fierc- 
est kamikaze assault ever made by the Japanese 
against a single warship. Off Okinawa in 1945 
twenty-two kamikaze pilots attacked her. When it 
was over the Laffey, flame-blackened and riddled 
from stem to stern, went back to Seattle under her 
own power and was thrown open to public inspec- 
tion as a dramatic demonstration of the ruggedness 
of destroyer construction. 


And then suddenly the war was over. Naval ship- 
building was cut back drastically. To keep the Bath 


organization intact on a greatly reduced scale, a 
contract for thirty-two trawlers was taken from the 
French government, which resulted in a consider- 
able loss. The Yacht Haida was launched in 1947. 
Soon thereafter naval construction picked up a 
little. Reconversion work on three naval attack 
cargo ships was followed by the completion of the 
hunter killer destroyer Epperson and the escort de- 
stroyer Robert A. Owens. To help stabilize activi- 
ties, Bath purchased the Pennsylvania Crusher 
Company, for many years a leading producer of 
heavy crushing machinery, as one of several di- 
versification ventures. 


In 1947 the author became Vice President in 
charge of Production. In 1950 he succeeded his 
father as President, which position he still holds. 

The experimental, advanced design, light weight 
destroyer Timmerman (DD828) was delivered in 
September 1952. The USS Mitscher and USS John 
S. McCain (DL2 and 3) were completed in 1953. 
These new design ships had a special job to do—to 
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USS Charles F. Adams (DD 62). 


Peewee sy 


USS Dewey (DLG14). 
The latest Bath built Naval types. 1960. 
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serve as a screen for fast carrier task forces. Big, 
seaworthy ships, they were equipped with all the 
latest devices for antisubmarine and antiaircraft 
warfare, but had greatly reduced weight power 
plants, although not as extreme as the Timmerman. 

During the Korean war Bath built five new de- 
sign Landing Ships, Tank (LST1156-60), followed 
by three new ocean escorts of the Dealey Class. In 
late 1952 Bath was low bidder on the first three 
ships of the Forrest Sherman Class, and later was 
awarded six more of this class. Bath built 9 of the 
18 ships of this class. 

In 1956 Bath was awarded a contract for the last 
two guided missile frigates of the DLG6 Class, 
USS Dewey (DLG14) and USS Preble (DLG15). 
These ships were completed 10 and 9 months re- 
spectively ahead of contract delivery date. 

In 1957 Bath was awarded a contract for the first 
of the new guided missile destroyers carrying the 
Tartar weapon. Three of these ships have been com- 
pleted. A fourth will be delivered in October 1961. 


In late 1958 the first “double ended” Terrier mis- 
sile frigates, (DLG16-18), were ordered from Bath. 
Three somewhat larger ships, 547 feet long, were 
contracted for in May 1961, to be delivered in 1965. 

During the past ten years Bath Iron Works has 
greatly improved its facilities, having spent over 
$10,000,000 installing heavier cranes, improving and 
lengthening building ways, rebuilding piers, and in 
construction of a new structural assembly building, 
new electric shop and improved pipe shop facilities. 
Most machine tools have been replaced since the 
end of World War II. 

Over the past seventy-odd years, Bath has been 
primarily a builder of fast, medium size vessels, 
with occasional construction of merchant ships, 
yachts, trawlers and coast guard vessels of various 
sorts. Bath has earned and steadfastly maintained 
a reputation for performance, both as to quality of 
workmanship and timeliness of completion, which is 
equalled by few other shipbuilders and exceeded by 
none. 
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Magnetohydrodynamic Generator 


The Armour Research Foundation is currently studying the combustion 
of coal at high temperatures and the ionization mechanisms, both thermal 
and non-thermal, that produce maximum ionization in combustion gases. 
The ultimate result of this study is the feasibility of a magnetohydrody- 
namic generator that utilizes coal as an inexpensive fuel. 

A magnetohydrodynamic generator, in which ionized gases substitute 
for a wound armature, offers the advantage of converting heat directly 
into electricity without any intermediate moving parts. This mechanical 
simplicity would permit greater efficiency than is now possible with the 
conventional combination of steam turbine and generator. But the ioniza- 
tion necessary for such a generator is ordinarily produced at tempera- 
tures too high to be contained by present-day construction materials. 

ARF researchers believe that coal may hold the solution to the ioniza- 
tion problem. The ash in coal, usually considered a deterrent to the effi- 
cient combustion needed in the magnetohydrodynamic generation of 
electricity, contains alkalies that, if properly utilized, could aid consider- 
ably in ionizing the combustion gases. 
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Among men of the sea, these have long been words 
that touch the heart: “home”. . .““mother”. . .“Leslie 
Regulators and Controllers.” 

The members of the Leslie family are held in tender 
regard especially by those on board or ashore who are 
responsible for the profits of ship operations. Delays 
en route due to failure of controls can be costly in 
cargo spoilage and other ways unnecessary to detail 
here. The point is that Leslie dependability makes mal- 
function an extreme rarity. This being more or less 
common knowledge among shipowners, operators and 
builders, it’s little wonder you find that fully 95% 
of America’s merchant fleet, as well as ships of the 
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Diaphragm 
control valves 


Control pilots for pressure, 
temperature and level 


Pressure 
reducing valves 


regulators 





«pila 





- Peaed 
U.S. Navy . .. and in fact, ships the world over, are 
Leslie-equipped. 

The picture-summary below of Leslie marine 
product classifications may help to remind you of all 
the different ways that Leslie dependability (proved 
through 60 years) can safeguard your ship 
design or ship investment. Your request 
for complete engineering and application 
data will be welcomed. 


LESLIE REGULATORS AND CONTROLLERS 


A SINGLE STANDARD OF QUALITY SINCE 1900 
LESLIE CO., 709 Grant Avenue, Lyndhurst, New Jersey 
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Tue TERM “AUTOMATION” cannot be discussed 
without reference to “mechanization.” The latter 
term normally refers to the replacement of human 
or animal power sources through the application of 
technology. Automation, however, implies any 
process in which the physical and mental functions 
of the human operator are taken over by self-act- 
ing or control devices. When considered in this 
form, “automation” is a step beyond “mechaniza- 
tion.” 

It is possible to visualize “automation” as a four- 
step building process. 

(1) Feedback regulation systems 

(2) Coordination of feedback systems with pro- 

cess control 
(3) Data logging 
(4) Automatic sequencing, programming and 
computing through digital techniques 

The application of steps (1) and (2) above is not 
new and goes back for almost 300 years. Probably 
one of the earliest automatic devices was conceived 
in 1680 when Denis Papin placed a heavy weight 


on the lid of a pan and so produced the first con- 
trolled pressure cooker. James Watt in 1788 de- 
signed the centrifugal governor to control the 
speed of his steam engine, and in 1830 Andrew Ure 
of Glasgow was granted a patent for a device called 
a “thermostat.” In 1868 the vessel, Great Eastern, 
was fitted with a steam piston steering motor al- 
lowing movement of the rudder to be controlled 
remotely by the position of the helmsman’s wheel. 
The motor also incorporated a follow-up or self- 
regulating mechanism which progressively closed 
the steam valve as the rudder moved such that 
when the rudder came to a rest position, no further 
steam was admitted to the cylinder. 

These are just a few examples of the many auto- 
mated devices developed through the years. How- 
ever, their operating principles are the same; i.e., 
when the controlled quantity deviates from its de- 
sired value, controlling action is taken to reduce 
the deviation. 

Technological advances in automatic control in 
the past, as well as recent developments and utiliza- 
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tion of electronic computers, data logging equip- 
ment, sensing instruments, electronic solid state de- 
vices and others, have provided or contributed to 
the impetus of the automation concept. 

Various industrial systems and plants recently 
automated are proving very successful. Some exam- 
ples of these are the gas pumping stations on pipe- 
lines located in the United States and Iran, steel 
mill and paper mill processes and electric utility 
steam power plants. One of the current projects is 
the automation of the Sewaren Generating Station 
of the Public Service Electric & Gas Company at 
Newark, New Jersey. 

The Maritime Research Advisory Committee 
Study [1] points out that labor-management prob- 
lems will exist as a result of the transitional diffi- 
culties caused by technological advancement. How- 
ever, it is the intent of this paper to discuss and 
illustrate only the technical role of “automation” in 
the marine industry. The attendant labor problems 
are not discussed. 


PURPOSE OF AUTOMATION 


Automation, like any technological advance, must 
be examined from the standpoint of reducing the 
unit cost of performing a certain function. It is not 
satisfactory to automate for automation’s sake 
alone. The two most promising areas for reducing 
costs in the U.S. Merchant Marine are reducing the 
turn-around time by improved cargo handling 
methods and reducing the ship’s crew by automa- 
tion of certain shipboard operations. Of these, the 
latter would appear to hold the most promise in 
making the U.S. flag ships competitive with ships 
flying foreign flags. 

A Maritime Research Advisory Committee study 
has shown that over the 20-year life of a Mariner 
type ship the savings in crew wages that can be 
realized by automation of ship operating functions 
will amount to $8,460,000. In addition, the savings 
in subsistance due to a reduced crew will amount 
to another $540,000. The reduced crew will require 
fewer accommodations, such as living quarters; 
lifeboats, etc., and this will result in the saving of 
additional $710,000. On the other hand, the cost of 
automation must be considered. This cost has been 
estimated at $1,040,000. Extra maintenance and re- 
pair costs due to fewer ship’s personnel and more 
complex equipment will amount to $2,440,000. In- 
creased insurance and stevedoring costs are esti- 
mated at an additional $500,000. Thus, automation 
will result in a savings of $5,730,000 over the 20- 
year life of a ship. This saving should provide for 
both increased profits for the ship operators and re- 
duced subsidies by the government. Other studies 
may vary in the final savings figure but in all 
studies, it will be substantial. 

Aside from these obvious advantages, automation 
of shipboard operations will result in additional 
benefits to which no positive dollar value can pres- 
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ently be assigned. These benefits can only be pinned 
down by comparing cost averages developed through 
operating experience. 

At present, the cost studies indicate that main- 
tenance and repair costs will more than double on 
an automated ship. A large percentage of this in- 
crease is due to less shipboard personnel being 
available for routine voyage work, such as corro- 
sion prevention, replacement of worn parts, etc. 
Nothing has been factored into these studies to ac- 
count for in-port repainting under better weather 
and working conditions, lasting longer than an at- 
sea painting—therefore requiring less paint. Also, 
nothing has been included for the elimination of 
repairs presently necessitated by human error. It 
can be argued that automation will include some 
errors that also will inflict damage, and this is true, 
but unlike humans, automated systems can be al- 
tered so that the same mistake is never repeated. 

These presently hard-to-pinpoint benefits are not 
limited to a single budget exvense heading or to a 
particular area of the ship. For example, automa- 
tion of the engine room controls should result in 
greater fuel economy. Automation of navigation 
should result in less straying from the desired track 
due to continuous navigation and thus reduce both 
fuel cost and voyage time. In addition, although 
studies now show the cost of insurance to be greater 
for an automated ship due to the greater replace- 
ment cost of an automated ship, the premiums could 
very well decrease as the number of collisions are 
reduced by more widespread use of electronic gear 
and the number of personal liability claims reduced 
because of smaller crews. These and other benefits 
can only be fully evaluated by comparison after an 
automated ship has been in operation for several 
years. 

Automation of cargo-handling equipment will de- 
crease the ship turn-around time and result in re- 
duction of freight handling costs. This will not, 
however, result in a greater competitive advantage 
over foreign flag merchantmen because the advan- 
tages of reduced cargo handling time and costs will 
benefit merchantmen of all flags. 

Automation of cargo-handling equipment will, 
however, make ships more competitive with rail- 
roads and trucks for the coastwise-intercoastal 
trade. More than half of every dollar of freight 
revenue received must be spent for loading and un- 
loading ships. Any reduction in these costs will as- 
sist greatly in recapturing a large portion of the 
trade lost in the last twenty years by the U.S. Mer- 
chant Marine. 


AREAS OF AUTOMATION 
Navigation 

There are only two conditions which normally 
require precise navigation—piloting and when op- 
erating near other ships. Since this is the limiting 
case, consideration is given to means of navigation 
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under these conditions with only one man, the deck 
watch officer on the bridge, except for periods of 
actually entering and leaving port when a pilot 
normally comes aboard or other times such as in 
heavy ship traffic when the captain is normally on 
or near the bridge. It is intended that the deck 
watch officer have the duties of lookout, helmsman, 
and navigator. To accomplish this will not require 
new scientific breakthroughs but will require a bet- 
ter utilization of presently available devices and 
techniques. However, this will undoubtedly entail 
a certain amount of training in the proper use of 
these devices and techniques. 

To permit the deck watch officer to serve properly 
as a lookout will require that the helm and navigat- 
ing duties be easy to perform and cause minimum 
distraction from the lookout duties. Steering, for 
years, has been made easier by the application of 
servo systems to control the steering gear of ships. 
The bridge should be constructed to provide a good 
view throughout the entire 360° azimuth. To aid 
the deck watch officer in the execution of his navi- 
gation duties, a radar repeater should be provided 
in a location that would enable navigation to be 
performed by superposition. Extensive tests of ra- 
dar pilotage by methods of superposition have 
shown an accuracy that is fully as great as that to 
be expected from the best visual fixes based on [2] 
pelorus readings. 

Several devices have been designed and used for 
the superposition of charts on the radar scope pres- 
entation or vice versa. All of these devices have 
one presentation stationary while the other is trav- 
ersed in two mutually perpendicular directions by 
means of accurate screws. These two screws could 
be driven in accordance with readings obtained 
from the gyrocompass and pitometer with adjust- 
able compensation to correct for set and drift in- 
serted by the deck watch officer so that the two 
presentations remain superimposed. Automatic 
sensing and realignment can be made of the two 
superimposed images to take care of set and drift 
with an indication of the values to the bridge for 
checking purposes. Since the radar presentation 
would include any other ship traffic in the area, 
automatic sclution of the point of closest approach 
and an automatic initiation of or recommendation 
for evading action would be determined if neces- 
sary or required under the “rules of the road.” 

While normal inshore navigation under this pro- 
posed system is performed by radar or other elec- 
tronic devices, it must be remembered that they 
will have limitations. The deck officer must con- 
tinue to collect all the available data, judge its rela- 
tive merit, and formulate his own conclusions. 
Other sources of data would include his own ex- 
perience, his visual observations, the fathometer, 
and the Loran track which will be described. In 
addition, for safety reasons, the deck watch officer 
would have to undergo an intensive training pro- 


gram, during which various failures of automatic 
equipment would be simulated so that his realiza- 
tion of the failure and his necessary overriding ac- 
tion would be as rapid and correct as possible. 


Radar navigation breaks down on ocean crossings 
due to the great distance to the fixed objects which 
can be used as radar targets. In the past two dec- 
ades, great advances have been made in the field 
of electronic navigational aids for ocean areas. To- 
day, Loran, Decca or one of the several other sys- 
tems already in existence are installed on nearly 
all ocean-going ships. Further advances are in prog- 
ress as evidenced by the navigation experiments 
underway using a transit satellite. While some of 
the electronic navigation systems offer greater ac- 
curacy than others, it is felt that all the systems are 
sufficiently accurate for ocean crossing navigation. 


Consideration should be given to what is needed 
by the deck watch officer from the time the ship 
leaves port until it has completed the ocean crossing 
and is again ready to enter port. If certain informa- 
tion is automatically provided on the bridge, only 
the deck watch officer will be necessary. The most 
effective aid to navigation will be one that plots the 
position of the vessel continuously. An effective aid 
should mark a track on a chart so that the naviga- 
tor can see at a glance his current position in rela- 
tion to all other points on the chart. This can also 
serve as a check for inshore radar navigation but 
will not be as accurate as radar navigation. 


Present Loran navigation requires that the opera- 
tor obtain lines from at least a pair of Loran shore 
stations and locate the ship’s position on a Loran 
chart. This Loran fix can ordinarily be taken in ap- 
proximately five minutes. Reading of Loran posi- 
tion and the switching from one set of stations to 
another can be done automatically. These two in- 
puts can then be fed into a device similar to a Dead 
Reckoning Tracer (DRT) to obtain a continuous 
track on a chart. The DRT presently is fed informa- 
tion from the gyrocompass and the pitometer. It 
should be no great problem to convert this input to 
Loran readings. A switch can also be provided so 
that the deck watch officer can reconnect the DRT 
to gyrocompass and pitometer readings and auto- 
matically enlarge the scale in order to use this de- 
vice as an aid in a man-overboard emergency. 

It must be remembered, as in the case of radar 
navigation, that while a Loran track can be made 
very reliable, it cannot for safety reasons be as- 
sumed to be absolutely infallible. For that reason a 
periodic check by means of celestial navigation 
should be made. Here again, a further step could 
be a completely automatic celestial fix obtained 
periodically to check the Loran track. As for the 
inshore navigation case, ship traffic radar solutions 
could be solved and evasive action, when necessary, 
could be taken automatically. 

With the automatic navigation aid and with the 
automatic steering already installed on most mer- 
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chant ships, there should be sufficient time avail- 
able for the deck watch officer to serve as lookout 
and to perform periodic checks on the automatic 
equipment. 


Cargo Handling 


The water front must present an enigmatic spec- 
tacle to the European traveler who enters the 
United States via any one of our larger port cities. 
The United States, a country that has long been 
synonomous with mechanization and progress, can 
claim relatively little progress in stevedore and ma- 
rine terminal operations. Until the advent of con- 
tainerization, mixed general cargo was handled into 
and out of ship’s holds with boom-winch gear in a 
manner that in principle has evolved little since the 
age of the square-rigged sailing ships. 

Bulk Carriers. Liquid, ore, coal, grain and other 
bulk cargoes are generally, in contrast to mixed 
general cargoes, transported very economically in 
ships whose remarkable short turn-around time 
in port can be ascribed to up-to-date handling 
equipment. The latter’s rapid loading and unload- 
ing capabilities combined with its compatibility 
in respect to the ship automation concept and 
current labor practices should give the bulk car- 
riers a head start toward the automated ship. 
Liquid cargoes are generally loaded and unloaded 
by motor or turbine driven pumps that, aside 
from starting and stopping, require no particular 
close human supervision or attention. The load- 
ing patterns for liquid cargoes can be pro- 
grammed so that the apppropriate valves are 
operated in a sequence consistent with a specific 
loading or discharge plan. 
Ore, grain, coal and such dry bulk cargoes are 
generally carried in ships designed for specific 
cargoes. These cargoes are generally loaded and 
unloaded by shore-based cargo handling equip- 
ment. Aside from opening and closing cargo holds 
preparatory to cargo handling operations, the 
ship’s crews are not needed in the actual loading 
or unloading operations. Facilitating the closing 
and opening of cargo holds by mechanization 
could save crew labor, as well as decrease the 
time spent in port. 


Mixed General Cargo Freighters: 

(a) Container Ship: Containers can be transported 
on almost any type vessel, but to achieve opti- 
mum utilization of the containerization concept, 
a ship specifically designed to transport con- 
tainers must be used. Container ships now op- 
erating, as well as those of proposed design, are 
equipped or will be equipped with electric- 
powered gantry cranes for loading and unload- 
ing the containers. These cranes are readily 
adaptable to a degree of automation. The load- 
ing and unloading operations can be pro- 
grammed so that horizontal and vertical move- 
ment, as well as the stowage location of each 
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container, are taken out of human control. The 
loading or unloading sequence of each container 
can be programmed according to a loading or 
unloading plan that maintains the ship’s stabili- 
ty and trim during the cargo-handling opera- 
tions, as well as in the final loaded or unloaded 
state. 

(b) Break-Bulk General Cargo Vessel: The boom 
winch powered by an electric motor is standard 
cargo handling equipment for the break-bulk 
general cargo vessel. Typical ship boom winches 
require appreciable time and labor to be set up 
and ready to operate and to stow ready for sea. 
It is the preparatory time and labor require- 
ment prior to operation or stowage that renders 
boom winches incompatible with the reduced 
manning scale of the automated ship. 
Cargo-handling cranes that do not have to be 
rigged ready for operation and later stowed for 
sea have demonstrated their capabilitiy to be at 
least equal to the boom-winch gear. 

The adoption of a cargo crane, that can be 
readied for operation or stowed ready for sea in 
a short time by one man, in conjunction with 
the completely mechanized securing of cargo 
hold hatches, can contribute substantially 
toward the designed reduction in ship’s crews. 


Cargo Care 


Modern air conditioning, ventilation, refrigera- 
tion, dehumidification and other machinery perti- 
nent to cargo care have reliable control and moni- 
toring equipment. This machinery will not require 
extensive modifications to make it suitable for use 
in an automated ship. 


Anchor Windlass 


The anchor windlass should be considered as a 
component of a system which entails all functions 
pertinent to the ship’s anchors. An analysis of the 
current anchor handling practices reveals that there 
are several ancillary functions which must be mech- 
anized and remotely controlled. The chain’s gravity 
can be utilized to achieve proper stowage in the 
chain’s locker without human control or supervi- 
sion. Present controls must be expanded from the 
relatively simple local speed and direction control 
to include an integrated remote and local control for 
the entire anchor handling system. This control 
should include such indicators and instruments as 
may be needed for anchor windlass control from the 
bridge. Examples: amount of chain out, anchor’s 
position to a specific reference point. The modifica- 
tions required to reduce the manpower require- 
ments for anchor handling can be achieved by re- 
design and application of developed control devices. 


Engineering Plant 
In the engine room of a modern steamship, one 


finds an array of systems, each designed to fulfill a 
specific function, and each operating largely inde- 
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pendent of the others. Many of these systems are 
under the control of fairly elaborate automatic 
regulators. The combustion and steam generating 
systems employ highly developed automatic regula- 
tors for controlling fuel-air mixture and flow to 
maintain constant steam pressure and temperature. 
The condensate and feedwater system maintains 
proper vacuum in the condenser and proper water 
level in the boiler. The electric generating plant has 
regulators which maintain constant voltage and fre- 
quency. 

Surprisingly, one of the largest single items of 
machinery in the engine room, the main propulsion 
turbine, is more often than not completely operated 
by hand. Propulsion power is generally controlled 
by varying the flow of steam through the turbine 
and this is accomplished by means of a series of 


| valves and throttles all mechanically programmed 


for operation from one or more large handwheels. 
Although this is the usual practice. there have been 
some notable exceptions; e.g., the 255-foot turbo- 
electric Coast Guard cutters built in 1943 which 
are equipped for complete speed and maneuvering 
control from the pilothouse. 

If the obvious step of turning over to the bridge 
(by means of a suitable remote control system) the 
actual manipulation of the maneuvering valves, the 
engine room force will be relieved of their only re- 
maining full time task and their duties would then 
consist of setting up equipment for operation, moni- 
toring its performance, correcting any malfunctions, 
and occasionally rotating the duty among the vari- 
ous items of standby equipment. This then permits 
a reappraisal of the duties of the engine room force 
and the manpower required to fulfill them. 

First, it might be in order to examine the philoso- 
phy used to arrive at the arrangement of the engine 


| room machinery used in modern steamships. It is 
| presently the practice of marine designers to ar- 





range the machinery for the most efficient use of 
available space, functionally locate equipment to 
produce the shortest and simplest pipe and duct 
runs, and provide at least the minimum amount of 
space around each component required for opera- 
tion and maintenance; always under the assumption 
that there is someone available nearby to perform 
the required operation at the required time. There 
is apparently little consideration given to operating 
convenience or the distance a particular operating 
valve or switch might be from the watch station. 
This is entirely reasonable when it is assumed that 
the normal watch in an engine room consists of a 
minimum of three men. 

An approach to reducing or eliminating the en- 
gine room force is to provide a centralized location 
from which all engine room functions can be moni- 
tored and controlled. This involves the installation 
of remotely operated valves and switches and pro- 
vision for visual display of all the required quanti- 
ties requiring monitoring or periodic reading. The 


step from centralized control to complete engine 
room automation may not be as great as it at first 
appears. 

Power plant automation employing a control type 
computer will provide improved plant reliability for 
shipboard operation. In the electric utility industry 
the justification for the increased investment in 
computer control is found in the demand for in- 
creased reliability. The growing size of boiler-tur- 
bine-generator units and their increased complexi- 
ty has increased the danger of serious operating 
errors and has made the resulting damage for a 
mistake more expensive. The expense comes about 
not only in the materials and labor required for re- 
pairs, but also in the down time of generating ca- 
pacity. This very fact that new units start and stop 
only at long intervals is itself an argument for auto- 
matic equipment because operators can forget pro- 
cedures that are used only occasionally. Visual or 
audible alarms are given when limits are exceeded. 
Special printout programs can also be initiated 
giving the numerical values of the deviation from 
desired levels of any abnormalities. Under certain 
conditions, such as equipment failure, it is desirable 
to have a history of events preceding the failure. 
The computer can be programmed to preserve its 
readings over the previous ten minutes or the pre- 
vious ten hours. When an abnormality is encoun- 
tered, the computer can be programmed to enter an 
analysis corrective mode of operation in which it 
examines the surrounding conditions and prints out 
an analysis of the situation and may take corrective 
action if so programmed. This will eliminate inad- 
vertent errors caused by hurried decisions and pro- 
vides increased safety to personnel, as well as re- 
duction or elimination of both minor and major 
damage to equipment. 

During normal operation, optimum plant control 
is maintained through continuous computer adjust- 
ment of subloop control set points. Some examples 
of self-regulated subloops now used are: 


(1) boiler combustion controls to regulate pres- 
sure, superheat, water level, feedwater and 
draft, 

(2) auxiliary generator sets—speed (frequency) 
and voltage, 

(3) refrigeration and air condition, 

(4) compressor air supply, and 

(5) distilling plant. 


TECHNICAL ASPECTS OF AUTOMATION 
Automation as applied to shipboard use may en- 
compass a wide number of areas depending on the 
desire or degree of automation required. Figure 1 
shows how automation might be applied to some of 
these areas, such as the engineering plant, damage 
control, navigation, cargo and cargo care, adminis- 
tration services and other, by integrating into the 
automation system one or more control consoles 
and in this particular schematic, a control computer. 
A.S.N.E. Journal, November, 1961 
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Figure 1. 


Complete control would always be available with- 
in each specific area through its respective control 
console but will also allow quantitative and logical 
data processing and control functions to be per- 
formed as predetermined by memorized programs 
stored within the computer. The information flow 
path shows input data being directed through a 
priority director for the purpose of sharing the com- 
puter among other shipboard systems. 

Figure 2 shows how the engineering plant may be 
broken down into its various systems and major 
components; each of which must be studied and 
evaluated in detail to determine the extent of auto- 
mation necessary. Again, the flow lines show input 
information entering the centralized control console 
and then proceeding to either data logging equip- 
ment or a control computer. The latter is further 
broken down to show an alternate computer utiliz- 
ing a “wired type program” or a stored program. 
Both data logging and computer will provide out- 
put information; however, new control set points 
are available only with the computer. Further dis- 


670 A.S.N.E. Journal, November, 196! 


cussion of the data logging and computer system are 
presented later in this paper. 

As a means of providing a better understanding 
of automation techniques applied to a typical ship- 
board engineering plant, boiler operation and the 
fuel system were chosen as examples and will be 
discussed in more detail. 

It is believed that discussion of a major com- 
ponent and the fuel system will point out, in a lim- 
ited way, their own control requirements and com- 
plexities which when considered with both inter- 
acting and non-interacting systems, comprise a 
major supervisory task. 

Marine Boiler Operation 

The boiler has four systems associated with it. 
These are the fuel system, the feedwater system, 
the forced draft air system and steam system. The 
fuel system in its simplest form consists of a sup- 
ply tank, fuel pump, fuel heaters, pressure control 
and burners. As the fuel requirement increases, the 
pressure in the fuel line is raised to increase the 
flow to the burner. Deviation in steam pressure can 
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Figure 2. 


directly determine the fuel requirements and con- 
trol the forced draft through the furnace, which in 
turn controls the pressure on the fuel oil line. There 
are other possible fuel control systems, some of 
which might include other factors to determine the 
fuel pumping rate, such as the feedwater flow. 

The feedwater system consists of the condensate 
pump, deaerating heater, feedwater pump and feed- 
water heaters. The principal control problem in the 
feedwater system is that of maintaining the re- 
quired water level in the boilers. To control the 
water level, a sensing device detects that the level 
has exceeded the upper or lower operating limits. 
At these extremes, the off-limit condition is cor- 
rected by variation in pump speed or bypass flow. 

The forced draft air flow is controlled by dampers 
or variable speed blowers. Their setting is deter- 
mined either directly or indirectly by the steam 
pressure. If the steam pressure is low, the dampers 
are opened by means of controlled air or electrical 
power; thereby, allowing a greater flow of air 
through the boiler. This change of air flow through 
the boiler causes a change in the differential draft 
pressure, measured at points inside and outside of 
the boiler, which can control the fuel input. 

The only steam system requirement is that the 
steam be maintained at the required temperature 
and pressure while demands in load vary widely. 


This control is acquired by means of a signal trans- 
mitted from the steam system to the fuel and air 
draft systems. The signal is responsive to changes 
in the load. The feedwater input can be controlled 
by a separate control loop determined by the boiler 
water level in the steam drum. 


Operating Conditions 


There are three principal kinds of operation in 
the engine room aboard ship. These are: (1) the 
start-up operation of a cold ship; (2) the maneuver- 
ing operation; and (3) the steady state condition of 
operation at sea or anchor. 

The start-up operation with a cold ship is one 
that occurs very infrequently and might be neces- 
sitated following repair on the ship’s boilers or other 
parts of the steam plant involving all boilers. This 
operation requires that the ship be started without 
steam pressure. The only power available is the very 
limited amount supplied by the emergency generator 
to operate essential auxiliaries to start up and fire 
a single boiler. 

The principal control problems of the maneuver- 
ing operation, as far as the marine boiler is con- 
cerned, are found in the very wide variations in load. 
As an example, the ship might go from full ahead to 
stop, or from stop to full ahead. Under these condi- 
tions, the steam flow to the propulsion turbines is 
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changed rapidly. These changes in steam flow require 
adjustment in the feedwater, fuel oil and air flow to 
the boiler. In turn, these changes in the fuel oil re- 
quirements mean that additional burners must be 
lighted off as the load requirement increases, or that 
some burners must be shut off as the load decreases. 
Although most of the maneuvering operations, such 
as maintaining proper water level, are automatic on 
the newer ships, the cutting out and lighting off of 
burners is still manual. However, with the automa- 
tion of the major portion of the boiler room, it might 
be advisable to widen the variation in the fuel oil 
capacity of a fixed number of burners or to auto- 
matically shut off and retract or insert and light off 
burners as required by the load. 

There are two conditions where steady state 
operation prevails. One occurs when the ship is at 
sea traveling at a fixed speed, and the other takes 
place when the ship is at anchor or alongside the 
dock providing power for hotel and miscellaneous 
operations. Under these steady state conditions, the 
principal manual operations performed on the boiler 
are those of cleaning the burners and analyzing the 
boiler water and the exhaust gas. There is also the 
blow-down operation on the boiler and the soot re- 
moval in the superheaters. 

More distantly related operations associated with 
the boiler that could be automatic are the periodic 
pumping of the water and fuel tanks. On the other 
hand, strictly manual operations on an automatic 
ship would possibly be the cleaning of strainers in 
the fuel and water lines since these are relatively 
infrequent operations and of greater complexity for 
automating. However, even these operations could 
be automated if justified. 

The manual operations associated with the steady 
state operation of the boiler system can be elimi- 
nated, leaving only the periodic checking of critical 
equipment to engine room personnel. But even this 
checking and execution of orderly emergency pro- 
cedures can be better supervised by a computer. 


Cold Ship Boiler Start-wp Using Computer Control 

The infrequency of cold ship start-up may lead 
one to believe that this should remain as a manual 
operation. However, on an automated ship super- 
vised with a computer, the start-up operation can 
be greatly simplified. Among other things, it com- 
pletely eliminates the chance of oversight due to 
complexities in procedure and could reduce most 
difficulties experienced in the cold start-up opera- 
tion. To illustrate computer control, the various 
steps in starting up a cold ship are discussed in the 
following paragraphs. 

The first operation for start-up would be to posi- 
tion and check the various valves to see that the 
proper ones are opened or closed, as the case may 
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be. For example, the blow-down valve and main 
stop valves would be closed and the vent valve ot 
the boiler opened. Actuators to open or close these 
valves may include solenoid or motor operators, 
and the valve position would be signalled by means 
of limit contacts. After a routine check of valves 
and electrical circuits to see that the plant was 
ready for operation, the next step might be to fill 
the boilers to the required water level. By means 
of an output signal from the computer, the proper 
valves are opened to the feedwater pump and 
make-up feed tank, and the water is pumped into 
the boiler to the desired level. 


The next step would be the changes or adjust- 
ments in the burner for the cold-start fuel. Because 
of the infrequency with which a boiler is started up 
by using cold-start fuel, it would probably be advis- 
able to perform this operation manually unless a 
completely automatically controlled engine and 
boiler room is desired. If this operation is to be 
manual, after all the steps to this point have been 
completed, the operator will be given a notification 
and instructions will be typed out for burner ad- 
justments. 

After the burner adjustments are made, the next 
step might be to start the forced draft fan, purge 
the boiler, and start the fuel pump. After all opera- 
tions to this point have been performed and 
checked, a permissive signal would ignite the 
burner and the warm-up would proceed according 
to a predetermined program. 

It is significant that although the cold start-up is 
an infrequent procedure, it comprises steps which 
are performed individually at relatively frequent 
intervals. For example, boilers are lighted off and 
fired every time the main propulsion system of the 
ship is to be used. 

Once the boiler has been lighted off, the tempera- 
ture of the water, metal and brick parts will be 
increased according to controlled rates determined 
from frequently monitored sensors. At the appro- 
priate times and temperatures, the boiler vent valve 
will be closed and the steam valve opened to the 
fuel oil heaters. At this point it is possible to switch 
from the starting fuel to the regular fuel oil. The 
computer will take the boiler up to its regular pres- 
sure and temperature according to a prescribed 
schedule. 

At this point the steam lines to one of the main 
turbine generators will be heated and bled accord- 
ing to instructions from the computer. Then a se- 
quence of automatic operations will be initiated to 
prepare the generator for use, such as application 
of steam to the gland seals, starting the air ejectors 
and pulling the vacuum. Finally, the throttle will 
be opened to the generator turbine, checks will be 
made for proper operational conditions, and the 
generator will be brought up to the proper voltage 
and phase and placed on the line. This will then 
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permit the emergency generator to be removed 
from the line and secured. With the main generator 
on the line, sufficient power is available for operat- 
ing the auxiliary or main feed pump, as well as 
other electrical auxiliaries. The firing of additional 
cold boilers would be entirely automatic and could 
be performed with reasonably intricate actuating 
and sensing devices. 


Maneuvering and Steady State Operation with 
Computer Control 


Maneuvering or steady state operation is of par- 
ticular importance for computer control. In these 
modes of operation the computer may be used to 
act as a supervisor for the entire engine and boiler 
rooms. It will supervise the operation of the auto- 
matic control subloops and make any necessary ad- 
justments to them similar to the adjustments that 
are presently made by the firemen on the fireboard 
for optimum fuel utilization. The comouter would 
act as an almost perfect supervisor in that it would 
scan all possible points of anv concern in the boiler 
or steam power plant, and it would scan these 
points as frequently as deemed advisable. In some 
cases this scanning might be many times a second 
to determine a trend or in other cases perhavs only 
once in minutes, hours or days. In the case of very 
rapid changes the computer can act on the basis of 
trends in the course of seconds or fractions of a 
second. This means that a plant variable, such as 
the temverature or pressure, does not have to ex- 
ceed certain fixed settings but that the computer 
can anticipate the extent to which these settings 
might be exceeded and act immediately to make 
adjustments. 


In addition to scanning all the critical areas of 
the steam plant, the computer would also be able 
to take over the operation of any subloop which 
failed to function properly. Under such circum- 
stances when the computer takes over the subloop 
control, an alternate computer program will be 
initiated to perform the regular scanning function. 
Also, if a component of the steam plant failed and 
would not allow the plant to function pvroverly so 
that it became necessary to shut the plant down, 
the computer would institute a program for doing 
this. It would properly sequence the various opera- 
tions in plant shutdown, including the cooling off of 
any equipment according to its prescribed cooling 
schedule. If this became necessary, then the opera- 
tor at the engine room console would be notified of 
this condition by the computer and the reasons for 
the shutdown would be printed out. 


Fuel System 


In considering the fuel system for automation, it 
becomes necessary to detail all of the functional 
operations performed from the time fuel is taken 
aboard until it is consumed in some combustion 
device, 


Some fuel operations are performed hourly, some 
daily, others weekly, and others when demanding 
conditions occur. Only through close supervision, 
monitoring and planning can the most optimum and 
efficient utilization of personnel and machinery be 
made. 

The fuel system may be considered to be com- 
prised of four basic operations. These are— 

(1) bulk fuel transfer from barge or shore instal- 

lation to the ship’s storage tanks, 

(2) fuel treatment for the controlling of undesir- 

able minerals and other contaminants, 

(3) fuel transfer to daily storage or settling tanks, 

and 

(4) fuel conditioning for combustion control. 

A discussion of each of these operations follows. 
Fuel Transfer: The process of taking on fuel in 
bulk quantities for ship service involves the con- 
sideration of a number of factors. The sequencing 
of operations, in general, requires careful super- 
vision. The fueling process is usually done at fre- 
quent intervals, possibly at a number of ports 
during the vessel’s complete voyage. The eco- 
nomics of fueling the ship plays an important part 
in determining when, where and how much fuel 
should be bought at any given port of call. Proper 
scrutinization of scheduling, inventory, and cost 
analysis can represent a considerable saving to 
the ship’s operator over a period of time. 
Usually, fuel is taken aboard from a barge or 
shore installation. In some instances, such as with 
naval vessels, fuel transfer is accomplished from 
another vessel while both ships are under way. 
Here, coordination and supervision are essential 
for the successful accomplishment of the transfer 
process in the minimum time. 


In-port requirements are not as severe. However, 
the onboard functions are equally important and 
in the case of merchant vessels where economics 
and increased turn-around speed are desirable, it 
becomes essential that the fuel be transferred on 
board as rapidly as possible without spillage on 
decks or into the surrounding waters. 

Once the hook-up is made to transfer fuel, it be- 
comes necessary to properly distribute the fuel 
through manifolds into appropriate storage tanks. 
Distribution should be such that no appreciable 
list is placed on the vessel. Monitoring of level 
controls and sounding of tanks are necessary to 
determine the status of fuel transfer and when 
“topping” is required, flow rate must be reduced 
at the manifolds when tanks are 85 per cent to 
allow for some settling time and also careful 
filling to 95 per cent capacity without overflow- 
ing. 

Fuel purchased at various ports of call may vary 
in its specific gravity and chemical composition 
and requires analysis prior to transfer onboard 
ship. Excessive water contamination, as well as 
large percentages of certain minerals, is not de- 
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sirable and if taken aboard may require extensive 
fuel treatment prior to its use. 

Heaters within the storage tanks would also re- 
quire monitoring when further transfer is de- 
sired to other portions of the fuel system. 

Fuel Treatment: When there is sufficient contam- 
ination in the fuel, some treatment is provided 
prior to transfer of the fuel to daily storage tanks. 
This may involve centrifuging for removal of 
water, scrubbing or washing of the fuel to re- 
move mineral salts or supplying additives which 
would enhance the combustion process by con- 
trolling the undesirable chemical reactions of 
other mineral contaminants. 


Daily Transfer: After treatment, fuel is trans- 
ferred to day storage tanks for general consump- 
tion in a boiler, engine or other combustion 
device. It is important that a sufficient supply of 
treated fuel be available at all times and that any 
further water contamination as a result of con- 
densation or leakage be detected early enough to 
prevent carryover to the combustion devices. 
Suitable monitoring devices and frequent checks 
are necessary to determine when transfer to an- 
other full tank must be made or when the fuel 
must be re-cycled through bypass systems to cen- 
trifuges for further water removal. 


Fuel Conditioning: In the final stage of fuel trans- 
fer from the day storage tanks to the combustion 
device, suitable heaters are provided which con- 
dition the fuel by temperature control within 
closely defined limits to insure reasonably con- 
stant and optimum combustion conditions. 
Further conditioning is achieved by wassing the 
fuel through filters or strainers and removing 
particles that may eventually lead to clogging of 
fuel burner assemblies or injectors. Frequent 
cleaning of the filters/strainers is required for 
prolonged operation of the system. 


These are only some of the more important as- 
pects of the fuel system; one of the many systems 
which make up the complete propulsion or engi- 
neering plant. Under existing shipboard conditions, 
sufficient manpower is available to perform the 
functions described. However, with the concept of 
shipboard automation and consequent reduction in 
crew, further mechanization and automation will 
be necessary to carry out the duties normally per- 
formed by the engineering personnel. 


In considering the fuel system for automation, 
further examination of the four basic operations 
which make up the fuel system: i.e., (1) fuel trans- 
fer, (2) fuel treatment, (3) day transfer and (4) 
fuel conditioning, gives a clue to the manner in 
which automation may be applied and what may 
be gained by its application. 

Scheduling of fuel transfer would be planned so 
that maximum fuel could be taken aboard at mini- 
mum cost. An accurate inventory of all storage 
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tanks would be available from frequently monitored 
level indicators or other instruments. During the 
fuel transfer operation, fuel could be taken aboard 
at maximum flow rates and distributed through the 
manifold system utilizing remotely controlled mech- 
anized valves. Appropriate subloop controls would 
determine when tanks are in the “topping” stage 
and regulate flow rate accordingly to prevent over- 
flow. Distribution would be controlled to maintain 
stability of the ship at all times by continuous ad- 
justment of manifold valves. Computer facilities 
could provide rate determination, integrated flow, 
cost data and increased reliability through close 
supervision of the subloop controls. 

Analysis of the fuel would probably be performed 
manually; however, various detectors for water 
contamination or other impurities could be inte- 
grated in the system. Results of the analysis and 
detection could be stored in the computer for use 
during the fuel treatment process. 

In treating the fuel, system complexity and care- 
ful monitoring would probably favor computer su- 
pervision. Additives would be introduced in closely 
controlled proportions and scrubbing or washing 
could be applied for a period of time depending on 
fuel analysis and rechecking of the fuel treatment 
process. Subloop control would provide re-cycling of 
partially treated fuel as well as centrifuge control 
and automatic transfer to standby centrifuge units 
when cleaning became necessary. 


After treatment, fuel would be transferred to the E 


daily storage tanks where subloop monitoring for 


high or low level would automatically transfer it to © 
standby tanks. Further detection of a large degree © 
of water contamination would necessitate automatic 7 
transfer to standby tanks and re-cycling to the © 


centrifuge. 


In the final phase—fuel conditioning for combus- | 
tion—fuel is passed through heaters as a means of | 


adjusting its viscosity to a desired level. Different 
fuel compositions will usually have different vis- 
cosity-temperature characteristics and will require 
close supervision and monitoring to maintain the 


fuel within its chosen temperature operating range. | 


Low fuel temperature makes pumping difficult and 
results in poor atomization. An excessive tempera- 
ture could result in a coking condition which will 
eventually prevent proper passage of the fuel into 
the combustor. Therefore, maintaining a constant 
fuel viscosity within the specified limits assures 
satisfactory operation and reduced maintenance, 
and optimizes the condition of the fuel for good 
atomization and combustion. 

In this system there are also strainers or filters 
which require periodic cleaning. Special designs 
may be adopted which can make these units self- 
cleaning, if required. Monitoring of pressure drop 


across these units can determine when a switch- § 


over to clean units should be made and when clean- 
ing is required. 
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CONTROL TECHNIQUES 


To reduce the engineering personnel to a single 
licensed operator would require the installation of 
a centralized control console with appropriate dis- 
plays, warning devices and actuator control buttons 
or switches. Monitored output signals of the operat- 
ing components within the system or the self-regu- 
lating subloops would be directed into the control 
console for possible display and then to data pro- 
cessing equipment, such as a data logger or com- 
puter. 

Data logging equipment would periodically scan 
the incoming signals, check for normal operating 
conditions and print out pertinent operational and 
historical data as required on special typeout 
forms. In the case of off-limit conditions, provisions 
would be made to warn the operator by an annun- 
ciator or display and to type out the off-limit con- 
ditions. Action must then be taken by the operator 
to correct the off-limit condition since no feedback 
control is supplied by the data logger to the sub- 
loop control systems. 

If the degree of automation is such that a com- 
puter would best fulfill the requirements of ship- 
board automation, then the type and size of 
computer as well as the economics involved will 
determine whether a wired type or stored program 
type of computer should be applied. The wired se- 
quence control system, utilizing solid state logic 
elements, is specifically designed and wired to per- 
form the necessary control, sequencing and operat- 
ing functions. 

The stored program type of control system, 
utilizing a control computer, would receive the 
same number of inputs and provide the same num- 
ber of outputs as the wired sequence control sys- 
tem. However, for large scale and complex pro- 
cedures the stored program computer has many 
advantages over the wired sequence type control; 
a major one being the simplicity of changing the 
control sequence by modifying the program. Modi- 
fying the control sequence in a wired control sys- 
tem requires rewiring of the equipment and prob- 
ably could not be economically justified in most 
cases. Some versatility in wired control may be 
achieved through modular design utilizing plug-in 
board and printed circuitry. By so doing, program 
variations may be made by the addition or re- 
moval of plug-in boards to modify certain portions 
of the wired control system. However, the degree 
of modification would still be limited and the chance 
of error in the sequencing of plug-in boards is in- 
creased by allowing manual interruption of the 
normal programmed sequence. 

In the past, certain special applications of turbine- 
generator sets have been partially automated for 
start-up. This automation, however, was by means 
of a sequenced electrical relay (wired) system. The 
system automatically started all the auxiliary 
services necessary before steam could be admitted 


to the turbine. Root valve, circulating water pumps, 
oil pumps, air ejectors and condensate pumps were 
sequenced for start-up. A central steam control 
panel was arranged with individual switches for 
each element to be brought into operation auto- 
matically in sequence. Failure of any particular 
element to come into operation would initiate an 
alarm. The operator could then place the switch 
for this element in the sequential override position. 
The operating condition of each element was also 
indicated by a light system on the control panel. 
When the light sequence was completed, a signal 
light indicated that the throttle valve was in con- 
dition to be opened. The operator then brought the 
unit up to speed by remote manual operation of the 
throttle valve. Bearings were provided with ther- 
mocouples for alarm signal, and remote manual 
monitoring. 

When it becomes necessary to adapt a wide va- 
riety of control applications such as would be 
experienced in shipboard operation to computer 
control or if processing of other types of problems 
is desired, the stored program control computer 
would undoubtedly fulfill all of the necessary re- 
quirements. The use of a digital computer provides 
a tremendous capacity to scan, monitor, and per- 
form operations simultaneously. This capacity also 
makes it practical to consider supervision of func- 
tions which normally would be overlooked or not 
attended to. Duplicating this capability by conven- 
tional electrical circuits would lead to such com- 
plexity that it would be impractical, if not alto- 
gether impossible, to attain. 

The computer performs three types of functions 
in a system; the recording functions, the supervis- 
ing functions, and the control functions. Figure 3 
shows how they would apply to a process control 
computer. These three types are categorized by the 
nature of the action taken by the control computer. 
In performing the recording function, the computer 
presents tabulated information ranging from raw 
data to complex process engineering data. Raw 
data presentation includes periodic printout of sys- 
tem flows, temperatures and pressures. Also, special 
printout on operator demand is provided. In the 
supervising function the computer acts as an im- 
portant link between the system and operator. In 
the supervising mode the computer rapidly scans 
input voltages that represent physical variables and 
compares each scanned voltage with the correct 
voltage stored as a digital number in the computer 
memory. 

The control functions of a control computer rep- 
resent the more advanced operations although the 
sequencing control operation is relatively simple. 
Sequencing control involves logical decisions in 
carrying out emergency actions, in starting up and 
shutting down a process, or in changing the mode 
of operation of a process. 

It must be realized, however, that the installation 
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of an automated system involves more than placing 
a computer or control coordinator aboard ship. Of 
course, the computer and its operating console form 
the heart of the system or control center, but many 
other innovations are required before it can carry 
out the desired program. The various systems and 
subsystems which are to be controlled by the com- 
puter must be reviewed and studied with regard to 
the modifications or designs required to accomplish 
the following. 

(1) Provide actuators to receive control signals 
for operation. The signals may be a contact 
closure or an analog voltage from the com- 
puter. 

(2) Provide sensors to permit monitoring of con- 
ditions such as temperature, pressure, position 
and speed by the computer. 

(3) Modification of design to accept additions of 
(1) and (2) above. 
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(4) Simplification of existing systems to accom- 
modate the computer program. 

(5) For turbines, consideration must be given to 
the design of suitable supervisory instruments 
such as vibration meters, eccentricity meters, 
and spindle position meters. This type of in- 
strumentation has not been used on shipboard 
and these conditions have heretofore been 
checked manually. Development of a line of 
shockproof instruments is required, and this 
is now being done by the use of magnetic 
amplifier units. Such instrumentation is re- 
quired for monitoring turbine conditions, es- 
pecially during the start-up period. 

(6) Development of a system of wide range speed 
control for operation of the turbine during the 
start-up program. One system has been de- 
veloped for central station turbine units which 
utilizes an electric governor to position a 
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throttle valve as dictated by the start-up pro- 
gram. 

(7) An automatic synchronizer, already developed 
for land turbine use, can be applied for plac- 
ing the generator on the load bus. 

(8) Due to the decreased number of shipboard 
personnel required for an automated system, 
scheduling of maintenance and repairs must 
be made to meet in-port periods. Probably, a 
more vigorous and frequent period of main- 
tenance checks must be considered to reduce 
the possibility of outages at sea. 

(9) Consideration must be given to the degree of 
automation that is feasible from a cost stand- 
point. Certain small functions or procedures 
may be handled by one operator, while the 
cost to automate them would not be economic- 
ally justified. An example would be the test- 
ing of the over-speed trip system. The sub- 
program to check the trip at start-up would 
be rather involved. However, one operator 
could make this check in a few minutes. 

(10) Certain subsystems which normally are 
manually controlled can be adapted to analog 
control to simplify the computer control. 
Where an analog control system exists or can 
be applied, its function is not delegated to the 
computer. An example of this type system 
would be the gland seal control which at 
present is usually a manual control. A con- 
trol system can be utilized to regulate the 
gland seal system independent of the compu- 
ter, and only require monitoring or start-up 
by the computer program. 


REQUIREMENTS FOR CONTROL COMPUTERS 


In most business or scientific computers, the 
speed of computation and input-output operations 
is dictated not by the nature of the information to 
be processed but rather by economic considerations. 
Fast input-output units are provided to utilize effi- 
ciently the internal high speed capability of such 
computers. However, in business or scientific com- 
putation, a slow computer would be used since in- 
formation is processed on an historical rather than 
a real time basis. 

The scheduling of different problems on business 
or scientific computers is to a large extent sequen- 
tial. In other words, since the information to be 
processed by the computer or the scientific prob- 
lems to be solved are not related to real time, one 
can wait until the problem that is presently proc- 
essed is completed before the computer is re- 
quested to solve a new problem. 

Control computers, although similar to general 
purpose business or scientific computers in their 
general organization, differ from the latter in many 
respects. For example, since control computers 
handle real time problems, their computational 
speed is relevant and one can draw a line between 


problems that can and those that cannot be handled 
by any one control computer. Since a control com- 


_puter unit must communicate with an actual real 


time process as well as with a human operator, the 
speed, nature and number of input-output devices 
required are also different from those of a business 
or scientific computer. The scheduling of different 
operations in control computers is also different. 
Since all operations are related to real time and 
since all operations cannot be performed simul- 
taneously, the computer is “time-shared.” 

The special requirements of control computers 
are discussed in more detail in the following para- 
graphs. 


Input-Output Requirements 


The area of input-output operations—the means 
of computer communication with. the outside world 
—is the one area in which the greatest differences 
exist between business or scientific and control 
computers. In addition to the conventional input- 
output devices (paper tape or card readers, paper 
tape or card punches, line printers, etc.), there is 
need for the following input-output operations. 


Analog Inputs: The process to be controlled by 
the control computer might have anywhere from 
a few to several thousand analog continuous 
variables. The signals representing these variables 
might be electrical, pneumatic or mechanical. It 
is necessary that these signals should be sensed 
by the control computer and converted to a digi- 
tal form suitable for storing in the computer 
memory. This conversion is done by an analog- 
to-digital (A/D) converter. The input to the A/D 
converter is usually a voltage. Consequently, any 
variable not in that form requires an appropriate 
transducer. Since there is only one A/D con- 
verter for economic reasons and many input 
variables, some type of multiplexing or switching 
in the input of the A/D converter from one in- 
put signal to another is required. 


Analog Outputs: The control computer exercises 
dynamic control over the process by computing 
the values of certain variables for optimum re- 
sponse according to set criteria. These computed 
variable are in digital form and they must be 
converted to analog signals. This conversion is 
done by the digital-to-analog converter. The ana- 
log output signals are used either as reference 
signals for set point controllers or as dynamic 
variables in the actual control system. 

Digital Inputs: Another type of information that 
the control computer must be able to obtain from 
the process is digital information. This informa- 
tion can be in two forms. 


(1) Pulse signals representing continuous vari- 
ables, the output of some types of telemeter- 
ing devices, the output of turbine type 
flowmeters, digital clock, etc. 
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(2) Contacts representing the binary state (on- 
off) of various devices in the system. 
Digital Outputs: The digital output requirements 
of a control computer fall under the same two 
categories as the digital inputs from the process. 


(1) Pulse output signals. It should be possible to 
use variables computed by the digital com- 
puter as inputs to digital telemetering trans- 
mitters or other digital devices in the system. 

(2) Contact outputs for purposes of actuating 
external devices such as circuit breakers, 
valves, displays, etc. 


Human Operator—Control Computer 
Communication 


Although general purpose business or scientific 
type computers have some means of manual inputs 
by and displays for the operator, the need for such 
operator-computer communication is much greater 
in on-line applications. A list of some of the func- 
tions that the operator should be able to perform 
through the operator’s computer console is given 
below. 

(1) Inputs 

Initiate the process start-up or shut-down 
procedure. 

Set decimal values on selector switches and 
store these in specified computer memory 
locations. 

Initiate or interrupt various input scanning 
sequences. 

Add or eliminate points from any scanning 
sequence. 

Demand logging of any number of input 
variables. 

Request the display of any quantity stored 
in the computer memory. 

(2) Outputs 

Display requested information. 

Activate alarms. 

Provide any other information that would 
help the operator in making intelligent de- 
cisions. 


Interrupt and Priority Control 
In case more than one operation has to be per- 
formed at any time, the computer should be able 
to recognize the relative importance of each and 
assign a priority order in which operations are to 
be performed. When an operation is interrupted, 
the computer should be able to “remember” 
where it left off so that later it can continue from 
the same point. A few examples showing the need 
for interrupt and priority control features in on- 
line computer applications are given below. 

(1) In case of a plant emergency detected by the 
closing or opening of a contact or a combina- 
tion of contacts, the computer should im- 
mediately interrupt its present operation and 


678 A.S.N.E. Journal, November, 196! 


proceed with an emergency shutdown pro- 
gram. 


(2) In case of a significant computer failure de- 
tected by self-checking circuits, the present 
computer operation should be put under 
manual control. 

(3) The operator should be able to interrupt the 
present computer operation in order to 
make changes in values of constants and 
variables through the operator’s console. 

(4) If it is required that operation (for example, 
logging) be performed at a particular time, 
then the clock should be able to interrupt 
whatever operation happens to be going on 
(provided it is not of higher priority) and 
initiate the logging operation. 


Computational and Logical Requirements 


An efficient control computer system is obtained 
by a special design with control applications in 
mind, since not only the input-output requirements 
are different but also the requirements for some 
arithmetic and logical operations, as well as infor- 
mation transfer within the system as contrasted to a 
general purpose computer. The special require- 
ments for the internal organization of control com- 


puter units are shown in Figure 4 and are de- 
scribed below. 
Control Unit: Since input-output operations are 
much slower than the internal computation, it 
would be desirable to have the arithmetic unit 
function independently of the input-output units. 
Information would be transferred directly be- 
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PHILA. SECTION S. N. A. M. E. 


AUTOMATION FOR SHIPS 





tween input-output units and memory without 
going through the arithmetic unit. The function 
of supervising this additional information trans- 
fer would fall on the control unit. 

Arithmetic Unit: In addition to the conventional 
instructions, the arithmetic unit of a control com- 
puter should be able to execute other instructions 
related to the peculiar nature of input and output 
devices. For example, since the results of the 
analog-to-digital conversion are accurate to about 
0.1 per cent or three decimal places, it should be 
possible to store such results only in a fraction 
of a memory location, thus utilizing memory 
space efficiently. The arithmetic unit should also 
be able to handle contact closure information 
efficiently. 

Priority Unit: The special need for a priority unit 
was mentioned under input-output requirements 
since the interrupt signal can be considered as 
an external input. However, the presence of a 
priority unit affects the internal organization of 
the control computer extensively. Special instruc- 
tions should be provided which would make it 
possible to upgrade or downgrade the priority of 
certain operations. Provisions should also be 
made for the computer to remember at what 
point in an operation it was interrupted. 


Structural Requirements 


The need for reliability of control computers can- 
not be overemphasized. In an on-line computer an 
error at the right place and time might cause con- 


siderable damage. For this reason the design of con- 
trol computers should aim at the highest reliability 
possible and should provide means for checking— 
both through hardware checking circuits and 
through diagnostic programming. Since the environ- 
ment where most industrial control computers are 
installed is quite different from that of business or 
scientific computers, control computers should be 
designed to operate under less favorable conditions 
of voltage fluctuation, noise pickup, temperature, 
vibration and dirt. 


CLOSURE 


The near future holds great promise for the ap- 
plication of automation to the marine industry 
through continuing developments in machinery re- 
liability, mechanization and control techniques. Full 
automation may well come about in an evolutionary 
rather than a revolutionary manner. In either case, 
it is hoped that the information presented in this 
paper will stimulate discussion and accelerate the 
initial step of a series leading to the ultimate reali- 
zation of a fully automated ship. 
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USS Bainbridge glides smoothly into Fore River after her launching at Bethlehem's Quincy Yard. In the background 
is the yard’s huge building basin with three tankers, ranging from 46,000 to 106,500 dwt, under construction. 


USS Bainbridge 


FIRST NUCLEAR-POWERED, GUIDED-MISSILE FRIGATE 


On 15 April 1961, the USS Bainbridge (DLG(N)- 
25), our Navy’s first nuclear-powered, guided- 
missile frigate was launched at Bethlehem Steel’s 
Quincy, Mass., shipyard. 

Scheduled for delivery in mid-1962, approxi- 
mately three years after her keel laying, the Bain- 
bridge has an overall length of 564 ft., breadth of 
57 ft. 101% in., depth of 32 ft. 3 in., and a loaded 
displacement exceeding 7,600 tons. Twin reactors 
will provide this twin-screw frigate with unprec- 
edented range and maneuverability. Her armament 
will include twin surface-to-air Terrier missile mounts 
and the most modern anti-submarine weapons. 

She bears a fitting name for the Navy’s first 
nuclear destroyer-type warship. The first destroyer 


SHIP REPAIR YARDS 
Boston Harbor New York Harbor 
Baltimore Harbor Beaumont, Texas 
Los Angeles Harbor San Francisco Harbor 


SHIPBUILDING YARDS 
Quincy, Mass. Beaumont, Texas 
Sparrows Point, Md. San Francisco, Calif. 


ever built for the U. S. Navy (DD No. 1) also 
bore the name of Commodore William Bainbridge, 
hero of the Tripoli Campaign and the War of 1812, 
and commander of the frigate Constitution when 
she defeated the British frigate Java. 

Following her launching, the new Bainbridge 
was towed to an outfitting slip in the Bethlehem 
yard. Nearing completion nearby was the nuclear- 
powered, guided-missile cruiser Long Beach, also 
the first of her type. 

Their silhouettes unbroken by smokestacks, be- 
cause they are nuclear powered, these warships 
represent more than just a new look for our new 
Navy. They have striking power and cruising range 
potentials without parallel in naval history. 
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—_ MORE than six months ago, announcement 
was made of invention of the laser—a device 
achieving true amplification of light waves for the 
first time in scientific history. Greatly improved op- 
tical radars and the opening up of an enormous 
number of communications channels were forecast 
as among the laser’s most far-reaching applications. 

Today, justifying predictions, the first significant 
practical application of the laser (derived from 
“light amplification by stimulated emission of radia- 
tion”) has been successfully demonstrated. Al- 
though in early stages of development, this first 
optical radar already provides a coherent light 
beam 100 times narrower than beams of ordinary 
microwave radar systems. 

Radar “pictures” made with the laser system are 
exceptionally sharp, revealing far more detail than 
previously obtainable. For example, the optical ra- 
dar recently demonstrated can distinguish between 
two adjacent 10-foot objects at five miles. Further, 
the enhanced resolution is obtained with equipment 
of small size, (and therefore much lighter weight) 
because light waves can readily be focused by lens- 
and-mirror systems, whereas ordinary radar micro- 
waves require immense antennas to focus the radio 
energy into comparably narrow beams. 

This latest advance in practical application of the 
laser principle is the work of a science/technology 
team headed by Dr. George F. Smith of the explor- 
atory studies department, Hughes Research Labora- 
tories, and Dr. Malcolm L. Stitch, senior staff con- 


sultant of the Hughes Radar and Missile Electronics 
Laboratory. The new radar, also known as “Coli- 
dar,” was described March 23 of this year by Dr. 
Smith to the annual convention in New York City 
of the Institute of Radio Engineers. It is oriented 
toward ultimate spacecraft and satellite use. 

As envisioned by laser inventor Dr. Theodore H. 
Maiman (Vectors, Vol. II, No. 4, 1960), laser radars 
should be especially valuable for use in space, 
where size and weight are critical—but where there 
is no absorption or scattering of light rays by rain, 
clouds or by the atmosphere itself. It follows that 
in many space applications, stray sunlight which 
might overwhelm the light pulse detected by the 
laser radar receiver can be avoided. With the ex- 
ceptionally narrow light beam practical with laser 
systems now, it will be entirely feasible to illumi- 
nate a spot only 10 miles in diameter on the moon’s 
surface. Far more accurate mapping of lunar to- 
pography is one consequence not far away. 

Creation of the laser radar traces back to the in- 
vention by Professor C. H. Townes of Columbia 
University in 1955 of a solid-state device which he 
termed a maser (now accepted to mean “molecular 
amplification by stimulated emission of radiation”). 
Natural properties of atoms or molecules are uti- 
lized by the maser in interacting with electromag- 
netic radiation. The results are effective in the 
microwave area of the spectrum, where Hughes 
solid-state maser devices were early used as ampli- 
fiers in X-band radars and satellite communication 
systems (Vectors, Vol. I, No. 1, 1959). 
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THE LASER RADAR SYSTEM 


For radar operation, a short burst of red light 
from the laser is “aimed” or directed at a “target” 
to be detected. Light reflected back from the target 
is gathered by a telescope and detected by a light- 
sensitive phototube. Distance to the target is deter- 
mined by measuring the time required for the light- 
burst to make the round trip. Elements of the sys- 
tem are seen in the block diagram shown in Figure 
1. The electrical signal resulting from the light- 
pulse returned to the receiver is displayed on a 
cathode-ray oscilloscope. Time delay for the dis- 
tance measurement is obtained by comparing the 
received signal with a sample of the transmitted 
light-burst as monitored by a reference phototube. 
Figure 3 illustrates the Hughes experimental laser 
ranging system. 

Key element of the new optical radar is its ruby 
laser light source (Figure 2). The device is also 
sometimes called an “optical maser.” The ruby crys- 
tal is “driven” by a flash of white light from a 
powerful xenon flash tube similar to those used in 
a type of electronic photoflash gun. When illumi- 
nated or irradiated in this way, the ruby produces 
an intense burst of pure red light in an extremely 
narrow beam. 

Although lasers eventually should provide beams 
as narrow as 0.004 degrees without the aid of lenses, 
the laser used in the Hughes experiments emitted 
a 0.7-degree beam due to inherent imperfections in 
the ruby crystal. In order to further reduce the 
beam-width, a telescope with a six-inch mirror was 
employed. Providing a 40-fold improvement, the 
telescope resulted in a system with a 0.023-degree 
beam. When the system was directed at a building 
three-and one-half miles distant, the beam of light’s 
“spot” was only seven feet in diameter. 

The present laser transmitter operates with peak 
powers up to several kilowatts at a wavelength of 
6,943 angstroms, or 0.00006943 centimeters. (One 
angstrom unit is equal to one hundred-millionth of 
a centimeter.) An important feature of the system, 
allowing substantial improvement in the ability of 
the receiver to reject ordinary sunlight, is the fact 
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Figure 1. Block diagram of laser radar. 
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Figure 2. Heart of the laser. 











Figure 3. Laser receiving system. 


that the laser output is extremely monochromatic, 
i.e., consisting of one color or hue. All of the output 
energy is concentrated in a 0.1-angstrom-wide spec- 
tral band at the wavelength mentioned, thus per- 
mitting a narrow spectral filter to be used at the 
receiver. 

For ideal microwave radar performance, the 
transmitter output should consist of a single short 
pulse. The pulse preferably should last for a few 
microseconds, or a few millionths of a second. 
However, present ruby lasers provide output bursts 
consisting of many closely-spaced short pulses oc- 
curring over a period of about 1,000 microseconds. 
Improvement already has been obtained in the elec- 
tronic “shape” of the output burst by cooling the 
ruby (the “heart” of the laser) to about —150°F. 

One of the principal components of the laser 
ranging system is the receiver. Here light is gath- 
ered by another telescope, with a five-inch lens. The 
larger the telescope’s diameter, the more sensitive 
the receiver. Light entering the telescope is first 
passed through a red filter which does not impede 
the 6,943-angstrom radiation from the laser, but 
which does reject 99.9 per cent of the light from all 
other ordinary sources—such as sunlight, light from 
incandescent lamps, etc. Light passing through the 
filter is then directed at a very sensitive phototube 
where it is converted into an electrical signal for 
display on the oscilloscope. A photomultiplier-type 
of phototube provides a very sensitive detector. 
(See Figure 1). 

Initial significant ranging experiments were con- 
ducted against the white stucco wall of a building 
three-fourths of a mile away. In subsequent tests, 
ranging was accomplished at two miles in full sun- 
light and at seven miles at night. Figure 5 is a re- 
production of a photograph showing radar return 
at seven miles. Such relatively short distances are 
far short of the ultimate capabilities of the system. 
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Figure 4. Hughes experimental laser radar. 
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Figure 5. Radar return at 7 miles. 


Operation at much greater distances may be ex- 
pected with improvements in design and with fur- 
ther laser developments. 

Rough calculations indicate that only two or 


three orders of magnitude improvement in the sys-- 


tem would be required to obtain detectable pulses 
from the surface of the moon. Refinements already 
well under way include higher power lasers operat- 
ing with shorter bursts (to reduce problems from 
“backscatter” from dust and water particles in the 
air), more sensitive receivers, and improved optical 
systems. 
THE MATTER OF “NOISE” 


As with any radar system, the basic limitation in 
performance that can be achieved by the laser radar 
is determined by the “noise” level through which 
the signal must be detected. Three types of noise 
affect the system: internal or receiver noise; ex- 
ternal noise due to unwanted light entering the re- 
ceiver through the red filter; fluctuation or “shot” 
noise in the signal itself. 

Receiver noise is due to “dark” current (current 
flowing in the absence of any light) in the photo- 
tube. This current is produced by thermionic emis- 


sion from the sensitive photosurface and can be 
essentially eliminated through refrigeration of the 
photocell. However, dark current noise at room 
temperature is low enough to be neglected with 
present-day systems. 

Secondly, for daytime operation on earth’s sur- 
face, that part of the scattered sunlight which can 
pass through the red filter imposes the limiting 
noise for the system. This has been reduced by 
using a 155-angstrom interference-type filter. More- 
over, similar filters with spectral bandwidths as 
narrow as one angstrom are feasible today. Fur- 
ther improvement will have to await advancement 
of exotic receiving technique using detectors other 
than the simple phototube. 

An example of the latter might be an optical 
heterodyne receiver based on the mixing of a local 
laser signal with the signal to be received, with 
further selectivity provided in an IF amplifier. Fil- 
tering with a narrower bandwidth may also become 
practical with evolvement of a laser preamplifier 
which would operate in a fashion analogous to the 
RF amplifiers customarily used in today’s radio re- 
ceivers. 


The third type of system noise comes from signal 
fluctuation—a new kind of noise not encountered 
in ordinary radio—which would be still an ultimate 
limitation for a laser radar even if the other two 
sources were completely eliminated. Fundamental 
in nature, it is due to the random rate of arrival of 
the light photons (basic unit of light energy) which 
make up the received signal. Noise of this kind can 
be understood in a qualitative way by recognizing 
that at least one photon must be detected at the 
receiver during the time interval when a signal is 
expected. It represents an ultimate “minimum de- 
tectable” signal power, and is likely the phenome- 
non which will be the working limitation for some 
of the optical systems of the future. 


Lasers will be used to accomplish many useful 
tasks, some of which can even now be clearly iden- 
tified. Micromachining instruments, surgical tools 
for extremely delicate operations, standards meas- 
urements, etc., are among possible industrial and 
professional laser uses. The recent invention of a 
continuously operating gas laser (as distinguished 
from the pulsed ruby laser) greatly enhances the 
usefulness of light waves for communications pur- 
poses. This is particularly true in the realm of 
space. The coherent properties of laser radiation 
offer promise for the transmission of fantastic 
amounts of information at comparatively moderate 
expense. An optical heterodyning technique, or its 
equivalent, will still be required to reach the goal. 


Nonetheless, those working with lasers now be- 
lieve that the laser radar will be among the first 
practical applications of the new device. The experi- 
ments described here indicate how close is the 
realization of a radically improved radar. 
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ENTERPRISE .. . at NEWPORT NEWS 
a word with a double meaning! 


To most people, it means the world’s first nuclear-powered 
aircraft carrier. To us at the Shipyard, it means the energy, 
imagination and resourcefulness that delivered the great 
Enterprise nine weeks ahead of schedule—in many months 
less time than was taken to build some non-nuclear ships 
of her type. 


Because of her eight reactors and extensive electronic 
system, no shipbuilding job was ever more complex. For 
1,366 days, many constantly-changing challenges were met 


and surmounted. How well the men, methods and machines 
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of Newport News discharged their responsibility for building 
the world’s largest ship is now a matter of public and 
official record. 


This is enterprise at Newport News... leader in ship- 
building and in the manufacturing of water power and 
other heavy industrial equipment. 


SHIPBUILDING AND DRY DOCK CO. NEWPORT NEWS, VIRGINIA 
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DONALD JAMES 


NAVY LEADERSHIP IN THE DEVELOPMENT 
OF RADIO COMMUNICATION 


THE AUTHOR 


a radio engineer and communications consultant, is an electrical engineering 
graduate of Columbia University, His early work on the development of 
electron tubes and radio components carried him eventually into the broader 
field of communications system engineering. He has authored a number of 
technical papers and talks, and has taught courses in radio waves and cir- 
cuits. Long interested in Navy and marine radio, he served in USNR during 
the second world war. 

In the article below, Mr. James surveys the related histories of radio and the 
Navy. He is certain that the technical achievements and adventures of the 
past are forerunners of still more exciting developments yet to come. 


‘be SCIENCE of radio communication owes an 
everlasting debt to the U. S. Navy. Not only have 
Navy service and civilian personnel contributed to 
the technical development of radio; the Navy has 
also encouraged private inventors and industrial 
corporations to persevere in advancing the field 
since the earliest beginnings of wireless. The 
‘Father of Radio’ Dr. Lee de Forest, in the dedica- 
tion of his autobiography, expresses his gratitude 
“to the United States Navy, which was always 
prompt to use my new wireless and radio devices 

. and whose Admirals never failed to give me 


welcome encouragement when it was most sorely 
needed.” 


The Navy has always recognized in radio an an- 
swer to the need for quick, reliable communication 
to and between ships dispersed and deployed at 
great distances. Thus Lieutenant Bradley Fiske, 
USN, was experimenting with ship-to-ship wireless 


communication, using inductive coupling between 
huge loops wound around the vessels, as early as 
1888.* When Marconi came to America in 1899 
seeking a market for his newly-invented wireless 
telegraphy, forward-looking Navy officials ar- 
ranged to have him install his apparatus on the 
New York and the Massachusetts. Marconi himself 
operated the equipment on the New York as Rear 
Admiral Farquher sent the first official wireless 
message to Navesink, 20 miles away, for relaying to 
Rear Admiral Phelps at New York Navy Yard. 
Using a spar lashed to the topmast as an antenna, 
the two ships were able to exchange messages over 
36 miles of water. 

Other field tests of various wireless telegraph 
systems were carried out during fleet maneuvers, 
and naval officers were sent to Europe to study the 
wireless art of foreign nations. Promising systems 





* Lieut. Fiske subsequently invented the radio-controlled torpedo. 
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were recommended for trials at the wireless test 
stations established in 1902 at Annapolis and Wash- 
ington. (A near-tragic occurrence during these tests 
provided the first “news scoop” for wireless. Secre- 
tary of the Navy Long was seriously injured at 
Annapolis when his carriage horses ran away. This 
news was flashed to Washington. where the wireless 
operators telephoned the details to newspaper offices 
long before the news arrived over the wire lines.) 
In the spring of 1903 the tests resulted in selection 
of the German Slaby-Arco apparatus for installa- 
tion in twelve battleships of the North Atlantic 
Fleet. The Slaby-Arco system of that era, which 
was also adopted by the German navy, used a spark 
transmitter employing a mercury-jet interrupter, 
and a self-restoring coherer for detection. This 
equipment, put to test in sham battles on Long 
Island Sound during fleet exercises the following 
autumn, demonstrated the value of wireless com- 
munication in naval operations. 


By the end of 1904, thirty-three Navy ships had 
been equipped with wireless, and the Navy was 
operating twenty shore stations. Commercial sta- 
tions, too, were mutliplying; the growing congestion 
of the ether indicated a need for Federal control of 
the air waves. Therefore President Theodore Roose- 
velt directed that the Army should control all mili- 
tary stations in the interior of the U.S., while the 
Navy controlled all military coastal and overseas 
wireless installations. (Commercial stations were 
placed under the Department of Commerce and 
Labor.) This directive, firmly establishing the Navy 
role in wireless communications, confirmed the 
leadership in radio that the Navy held and was to 
maintain through the years ahead. 


In 1904-1905 the Navy erected five of the most 
powerful wireless stations constructed up to that 
time. Spark transmitters of 25 kw input rating 
were installed at Key West, San Juan, Guantanamo, 
and Colon; and Pensacola was equipped with a 10- 
kw transmitter. These were pioneering installations 
in the truest sense of the word. At Colon, Goethals 
and Gorgas were just starting to stamp out yellow 
fever and dig the Panama Canal. At Guantanamo, 
where the Navy had only recently acquired a naval 
base and coaling station, Admiral Rogers still had 
his headquarters aboard the old Amphritite out in 
the bay, for the insects and mangrove were not yet 
wholly tamed. 


The Navy gave enormous impetus to the develop- 
ment of American wireless (as distinguished from 
British, Italian, French, or German) when the Bu- 
reau of Equipment installed U.S. apparatus on the 
West Virginia in 1905. The successful performance 
of this equipment during the cruise of President 
Roosevelt from New Orleans to Washington re- 
ceived wide-spread publicity and generated great 
interest in American wireless circles. Moreover, 
this effective demonstration led American maritime 
companies to appreciate the utility of wireless. 
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Steamship lines, coasters, tankers, and towing firms 
raced to equip their fleets with the simple detectors 
and headphone receivers that characterized U‘S. 
equipment; the coherer and ink tape-printer be- 
came restricted to foreign vessels. 

A dramatic “first” in radio occurred when the 
North Atlantic Fleet was equipped with wireless 
telephony (voice radio) in preparation for its 
round-the-world cruise under Rear Admiral Evans 
in 1908. The first installations, on the Connecticut 
and Virginia, were tested in the fall of 1907; speech 
was transmitted and received at ranges as great as 
twenty miles. Said Admiral Evans, “If there is one 
thing more than another in the fleet of which I am 
proud, it is the wireless telephone . . . The sailing 
of the fleet and the flotilla (sixteen battleships, six 
destroyers, and two auxiliary vessels made the 
globe-girdling trip) will mark a new era in mari- 
time communications and is just ground for pride 
to every American that the United States Navy is 
the first to adopt and demonstrate this new method, 
and on such a comprehensive scale.” 

The change in nomenclature from “wireless” to 
“radio” took place in 1912. The Navy, feeling that 
the word “wireless” did not make clear that com- 
munication was by radiated impulses rather than 
by induction effects, ordered use of the terms “ra- 
diotelegraphy” and “radiotelephony.” The new 
name caught on immediately with the American 
public. 


One of the great experiment stations of early 
radio was the Navy’s Radio Arlington, with call 
letters NAA, at Arlington, Virginia. Three steel 
masts—one 600 feet high, the other two each 450 
feet high—supported its giant antenna. At its com- 
missioning in 1912, NAA was equipped with a 100- 
kw Fessenden synchronous spark transmitter, and 
a Poulsen are was soon added. Even before the offi- 
cial opening of the station, Morse signals from the 
Eiffel Tower were picked up on a wire stretched 
from ground to the top of the 600-foot tower, and 
by 1914 Arlington and the Eiffel Tower were ex- 
changing special time signals in a precision meas- 
urement of longitude differences. A year later, 
when vacuum tube transmitters were first intro- 
duced, the Arlington antenna was used (fed by 500 
vacuum tubes in parallel) for the historic A.T.&T. 
voice transmissions to Paris, Panama, and Hono- 
lulu. NAA enjoyed a long and useful carreer as a 
keystone in Navy communications until its dis- 
establishment in 1956. 


With the outbreak of war in Europe in 1914, a 
Naval Communications Board was appointed to re- 
organize the naval radio services. On recommenda- 
tion of the board, the Naval Communication 
Service was organized in 1915, with Captain Wil- 
liam Bullard as its first Director. The Communica- 
tion Service acquired vast facilities after U.S. entry 
into the war, when President Wilson directed the 
Navy to take over all radio stations in the U.S. and 
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its possessions except those already under Army 
control. Among the stations thus acquired was the 
Marconi Wireless Telegraph Company facility at 
New Brunswick, N.J. Outfitted with a 200 kw 
Alexanderson alternator transmitter, this station, 
assigned call letters NFF, was the most powerful 
in the world. Ships all over the globe could hear 
NFF, and so could troops on the battlefronts with 
field receivers. Messages from President Wilson to 
the German people were broadcast from NFF to 
the radio center POZ at Nauen, outside Berlin. 


To achieve adequate radio communication from 
France to the U.S. was more difficult. The most 
powerful stations in France, at Paris and at Lyon, 
were equipped with only 40 kw transmitters. Lyon 
gave better reception in the U.S. because of the 
direction of its aerial, but interference was too 
great for reliable communication even after the 
Navy established a receiving site at Bar Harbor, 
Maine, to get close to Europe and far from the 
tropical sources of radio noise. To ensure reliable 
communication from the armies of the American 
Expeditionary Force, the U.S. government decided 
to erect a powerful transmitting station in France. 
The task of building the station was assigned to the 
Navy, in accordance with the Roosevelt directive; 
so the Navy, in collaboration with the French Sig- 
nal Corps, built the famous Lafayette radio station 
near Bordeaux. Two 500-kw arc transmitters fed an 
inverted L antenna supported by eight 835-foot 
towers, giving a strong signal all the way across the 
North American continent. Begun in 1918, Lafay- 
ette went on the air in 1920 and proved of great 
value for communication with the postwar occupa- 
tion forces. 


In addition to operating radio stations, the Navy 
was active in many developmental phases of radio 
during World War I. Oxide-cathode vacuum tube 
detectors, radio direction finders for seaborne use. 
aircraft radio, radio controls for remote mechan- 
isms, and many other devices were brought into 
operational status. Much of this work was directed 
by Commander Stanford C. Hooper, who, as a 
young midshipman, had been an interested observer 
of the Annapolis-Washington wireless tests of 1902- 
1903. 


After the war the Navy, reluctant to see Ameri- 
ca’s radio communication facilities returned to 
foreign-controlled interests, suggested that a do- 
mestic communication company be organized. With 
the help of the General Electric Company, the Ra- 
dio Corporation of America was organized to pur- 
chase the assets and business of the Marconi 
Wireless Telegraph Company. At the suggestion of 
Captain Hooper, RCA and GE entered into a cross- 
licensing agreement to eliminate patent conflicts 
that stood in the way of creation of an effective 
national communication system. 

With America’s overseas communication network 
safely under the aegis of a U.S. corporation, the 


Navy could return its attention to the advancing 
technology of radio. Most of the new developments 
centered about vacuum tubes. Improved under- 
standing of space charge control, and better vacuum 
engineering, permitted tube manufacturers to pro- 
duce ever-improving products, which the Navy was 
quick to use. 

An early 34%4-kw vacuum tube transmitter made 
for the Navy by the General Electric Company fig- 
ured in the beginnings of radio broadcasting. On 
July 2, 1921, Jack Dempsey met Georges Carpen- 
tier in a heavyweight championship fight at Boyle’s 
Forty Acres in Jersey City. RCA, determined to 
broadcast this great international event, created 
station WJY for the occasion. They borrowed the 
transmitter, which General Electric was about to 
deliver to the Navy, and installed it in the Lacka- 
wanna Railroad yard, with the aerial hung between 
two towers. The now-lengendary fight broadcast, 
which created stories that could fill many pages, 
helped launch the wave of enthusiasm that carried 
radio into the American home. 


The Navy was of course doing other things with 
vacuum tubes. Researchers at the Naval Research 
Laboratory capitalized on the ability of the vacuum 
tube oscillator to generate far higher frequencies 
than had been possible theretofore. Despite existing 
theories that showed high frequencies (short 
waves) to be worthless for communication, NRL 
began exploring the properties of radio waves 
above two megacycles. Navy scientists showed that 
a 50-watt short wave transmitter gave communica- 
tion with Panama even when the 250,000-watt long 
wave Annapolis transmitter could not get through, 
and they demonstrated the lightness and compact- 
ness of HF equipment by installing a mobile trans- 
mitter and receiver in the dirigible Shenandoah for 
her flight across the country and back in 1924. The 
following year the Seattle used HF to maintain 
daily contact with Washington while leading a fleet 
to Australia and New Zealand. Continuing propa- 
gation studies led to discovery of “skip distance” 
effects, and to basic understanding of propagation 
phenomena across the radio spectrum. 


Much of the early short wave radio work at NRL 
was performed in a small hut mounted on top of 
a wooden antenna pole 80 feet high. On windy days 
the pole swayed dizzyingly, and from time to time 
eagles had to be discouraged from nesting in the 
hut; but despite these hazards, the U. S. Navy led 
the world in HF communication. Even higher fre- 
quencies were explored, too, as the Navy pioneered 
radio channels limited to line-of-sight ranges. Crys- 
tal control circuits for precise stabilization of these 
frequencies were developed through the ingenuity 
of the Navy communicators. 

Radar was born on a Navy radio test range in 
the nineteen-twenties when A. H. Taylor and L. C. 
Young observed that passage of a ship through a 
high frequency field could be detected on their 
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receiver. Similar effects were noted with aircraft, 
so a study of the location of enemy vessels and air- 
craft was begun in 1932. Radar was at sea aboard 
the destroyer Leary by 1937, and aboard the battle- 
ships Texas and New York for battle maneuvers 
early in 1939. The story of radar in the Navy merits 
separate telling, and will not be carried further 
here.* It is worth noting, however, that the devel- 
opment of identification and communication sys- 
tems to go with radar was just as important as 
radar itself. These developments culminated in the 
evolution of the Combat Information Center, 
(CIC), the heart and brain of World War II Navy 
fighting ships.** 

The explosion of World War II brought a tre- 
mendous expansion of Navy work load in the radio 
communication area. The radar program was ex- 
panded; radio and radar jamming and anti-jamming 
were of necessity developed to a high degree; fa- 
cilities for long and short range communication on, 
above, and below the sea were expanded and re- 
fined. All of these equipment programs required 
development of new tubes, new circuits, and new 
components. The Navy worked with the Army, the 
National Defense Research Council, and with in- 
dustry to produce the apparatus essential to victory. 

After the war, the Navy returned to the chal- 
lenge of improving radio communication with a 
comprehensive study of propagation and interfer- 
ence. A whole new array of techniques was put to 
use: rockets shot into the upper ionosphere deter- 

*The name “radar’’ was coined by Captain S. Tucker of Bu- 
Ships. 


** The initials CIC were subject to wonderfully varied interpre- 
tations in the fleet. One example: ‘“‘Criminy It’s Crowded.” 


mined the pressure, temperature, and composition 
of regions never before explored. Detailed studies 
of radio emission from the sun, taking advantage 
of the solar eclipse, provided new insight into the 
effect of the sun on radio communication. Radio 
astronomy probed the skies beyond the sun to study 
the radio frontiers of space. 

An important result of these studies was the dis- 
covery by Navy scientists of tropospheric scatter 
propagation. Other new modes of communication, 
such as transoceanic ducts for microwave signals, 
were sought. 

Meanwhile, the tried-and-true techniques already 
established for communication to a world-wide fleet 
were being emphasized, too. A giant VLF radio 
transmitter was put in commission at Jim Creek, 
Washington, in 1953; and an even greater installa- 
tion, capable of radiating over 2,000,000 watts, was 
opened at Cutler, Maine, in 1961. This newest colos- 
sus of the air waves was assigned the call letters 
NAA, made famous by the rhythmic dah-dit, dit- 
dah, dit-dah of Radio Arlington for so many years. 

Is the Navy in the forefront of radio communica- 
tion development today? The pages of the daily 
paper tell that the answer is “yes.” Only last fall, 
when magnetic disturbances caused world-wide 
disruption of long-distance communication circuits, 
the Navy maintained its flow of traffic between 
Washington and Hawaii by bouncing 240-word-per- 
minute signals off the moon. And, as attested by its 
participation in project OZMA, the widely-dis- 
cussed search for signals from beyond the solar sys- 
tem, the Navy will continue to lead the way into 
new developments in radio communication. 


SECOND NUCLEAR FRIGATE 
Early in June the House and Senate Armed Services Committees 
authorized another new nuclear-powered frigate for the U.S. Navy. This 
ship will cost about $130 million, have a displacement of around 8000 
tons, and be powered by two pressurized water reactors. The first ship of 
this class, the Bainbridge, is scheduled for sea trials next year. 
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NORAD ON THE ALERT 


Inputs from BMEWS Provide Instantaneous Missile Data Direct to NORAD Headquarters 


From our vast outer defense perimeter, over thou- 
sands of miles, to the nerve center of the North 
American Air Defense Command at Colorado 
Springs, the most advanced concept of data han- 
dling and checkout is being utilized in the BMEWS 
system. The stakes are high, for the purpose is 
defense of the North American Continent. 

At BMEWS installations operated by USAF Air 
Defense Command, computers read out missile 
tracking data from giant radars. This information 
is simultaneously relayed to NORAD’s Combat 
Operations Center. 

The Radio Corporation of America is prime 
systems contractor for BMEWS. At the COC, 
RCA’s Display Information Processor computing 
equipment automatically evaluates missile sightings, 
launch sites and target areas. By means of data 
processing and projection equipment installed by 
RCA and a team of other electronics manufacturers, 
the findings are displayed on huge, two-story high 


map-screens in coded color symbols, providing the 
NORAD battle staff with an electronic panorama 
of the North American and Eurasian land masses. 

The handling of BMEWS inputs at NORAD is 
an example of how RCA data processing capabili- 
ties are assuring the high degree of reliability so 
vital to continental defense. 


Out of the defense needs of today a new generation of RCA 
electronic data processing equipments has been born. For 
tomorrow’s needs RCA offers one of the nation’s foremost 
capabilities in research, design, development and production of 
data processing equipment for space and missile projects. For 
information on these and other new RCA scientific develop- 
ments, write Dept. 434, Defense Electronic Products, Radio 
Corporation of America, Camden, N. J. 


The Most Trusted Name in Electronics 


RADIO CORPORATION OF AMERICA 
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BéW boilers aboard the U.S.S. Dewey pro- iew from second level shows easy access Air-conditioned control room is equipped 
vide maximum power in minimum space. for inspection and maintenance. for automatic orremote-manual operation. 
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The U.S.S. Dewey (DLG 14), built 
at the Bath Iron Works, Bath, 
Maine, is the first of the Navy’s new 
frigates designed to carry guided 
missiles. The U.S.S. Dewey is pow- 
ered by four compact B&W two- 
drum integral-furnace boilers. 
Providing maximum power in 
minimum space, the BeW boilers 
aboard the U.S.S. Dewey are de- 
signed for safety of operation, and 





first guided-missile frigate, U.S.S. Dewey 


easy access for inspection and 
maintenance. 

These are the latest of many BaW 
marine boilers which have success- 
fully met the Navy’s exacting stand- 
ards of performance and depend- 
ability. 

By providing rapid response to 
steam demands, they contribute to 
the high acceleration, maneuvera- 
bility and long-range striking power 





of the vessels that stand ready to 
safeguard the freedom of the seas. 

We at Babcock & Wilcox take 
pride in our ability to supply de- 
pendable steam power for the 
greatest Navy in the world. 

The Babcock & Wilcox Company, 
Boiler Division, 161 E. 42nd Street, 
New York 17, New York. 


Babcock & Wilcox 
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UFFALO’ PUMPS 


ae 
é 
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WN ARINE MEN know that ‘Buffalo’ Pumps are 

completely dependable. Buffalo’s uncompro- 
mising QUALITY standards insure efficient, 
economical, reliable performance. Maintenance is 
simplified by built-in ease-of-servicing. ‘Buffalo’ 


Pumps are used on every type of commercial and naval vessel. 
‘Buffalo’ Pumps and Fans are 100% approved by the Maritime Administration. 


QUIET, EFFICIENT ‘BUFFALO’ VERTICAL 
SINGLE & DOUBLE SUCTION MULTISTAGE 
PUMPS. Widely used where ultra-quiet operation 
is a must. Efficiency and dependability are unsur- 
passed. Two and four stage models in sizes to fit 
your needs. Suitable for clear water applications, 
hot or cold. Operate at pressures up to 1500 ft. head, 
at capacities from 20 to 900 GPM. 

Bulletin 980 gives full facts. 


SPACE-SAVING ‘BUFFALO’ VERTICAL 
DOUBLE SUCTION PUMPS. These compact, 
efficient pumps save spaceinclear water service. Ver- 
tically split casing permits quick, easy access. Long- 
life features include renewable bronze wearing rings. 
Capacities to 14,000 GPM. Full details on request. 
For complete recommendations, write our Marine 
Department, 711 Woodward Bldg., Washington, D.C. 


MARINE DIVISION BUFFALO PUMPS 


BUFFALO FORGE COMPANY 


Squier Machinery 
machinery for chemicals. 


Buffalo’ Air Handling 
Equipment 

to move, heat, cool, dehumidify 
and clean air and other gases. 
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to process sugar cane, coffee 
and rice. Special processing 


Buffalo, New York 
Canada Pumps Ltd., Kitchener, Ontario 


‘Buffalo’ Machine Tools to drill, ‘Buffalo’ Centrifugal Pumps 
punch, shear, bend, slit, notch to handle most liquids and 
and cope for production slurries under a variety 

or plant maintenance. of conditions. 
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UNDERSEA TECHNOLOGY NEEDS | 


IN REVIEW 
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a OF TOMORROW'S naval missions hinges on 
a drastic revision of the naval engineering tech- 
nology state-of-the-art. More and more companies 
are trying to get into the act, but to date very little 
has been achieved in terms of a unified approach to 
solve the problems at hand. This is especially true 
when it comes to the many diversified yet related 
problems and needs in the undersea realm. Many 
of these needs fall within security limits and cannot 
be discussed. However, several specific marine and 
naval problems are not affected by security and it 
seems in order to briefly list and discuss some of 
them since they concern every engineer in the U.S. 
industry. 

The list is intended to be representative rather 
than all-inclusive of recognized (by Navy and seg- 
ments of industry) problems illustrating the chal- 
lenging and encompassing engineer in the U.S. in- 
dustry. 

For materials and equipments that must operate 
in the under-ocean, exposed to sea growth, corro- 


sion, pitting erosion, galvanic action, high pressure, 
etc., there is a need to: 

Develop and improve high strength metals 
which are easily weldable, yet corrosion and pit- 
ting resistant; or develop economical coating or 
paint that will do the same thing. 

Develop economical and effective materials and 
design techniques such as small-diameter, high- 
strength deep water mooring cables, underwater 
vehicles and robots, etc., for emplacement and 
reclamation of active and passive sonar system 
and other devices on the deep ocean floor. 

Develop more economical and reliable welding 
(or other pressure-tight joining) techniques for 
thick metallic sections, including bi-metallic 
joints, for marine use. Special emphasis on deep 
diving submarine hulls where titanium and/or 
aluminum may replace steel in whole or in part. 
New materials concepts should be encouraged. 
To aid and abet undersea search and kill, there 

is a need to: 
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Improve marine propulsion and auxiliaries 
bearing size, geometry, and lubrication in order to 
reduce noise generation and transmission. Special 
emphasis on thrust bearings for deep diving sub- 
marines subject to high hydrostatic pressure. Par- 
tial answer may be in use of seawater or steam to 
replace conventional oil lubricants. Throughout 
undersea technology more effort should be made 
to use the sea ambient environment to improve 
marine engineering. 


Develop small-sized speed reducers of high 
torque capacity (as high as 65-to-1 reduction) 
producing minimum of noise in sonic and ultra- 
sonic bands needed for torpedoes and thrust pro- 
cedures and should be able to handle up to 1,000 
shp. This technology might enable use of nuclear 
closed cycle gas turbines driving outboard pro- 
pulsion system in some vessels. 

Develop static high de power electric genera- 
tors (fuel cell or thermo-electric). Used with spe- 
cific characteristics, static system would eliminate 
conversion, system would eliminate motor-gen- 
erator sets (a noise source). Advance in fuel cell 
technology could result in “dead-quiet” submarine 
operation. Special emphasis on development of 
data leading to new techniques and hardware for 
attenuating or eliminating self noise,, machinery 
noise (mechanical couplings), cavitation noise, 
and flow noise in ships and underwater mechan- 
isms and installations. 

Create precise undersea surveying and naviga- 
tion devices for reliable, extremely accurate de- 
termination of submerged vessel speed with 
respect to ocean bottom, an important factor in 
underwater missile launching. Also develop sur- 
face ship automatic pilot navigation. 


Design of anti-submarine hydrofoil for high- 
speed surface operation combined with efficient 
underwater capabilities. This could in effect be a 
hydrofoil deep depth sonar platform utilizing 
optimum sonar conditions for search. After search 
vehicle would surface and proceed to next search 
area. Phenomenal weight-to-horsepower ratio pos- 
sible with new power plants used with light- 
weight metal hull. 


Accomplish breakthrough in generation, propa- 
gation, and reception of sound in ocean—or de- 
velopment of new devices—leading to a means of 
IFF for undersea surveillance. Chief problem to- 
day is to determine whether object detected by 
sonar is friendly ship, a whale, a school of fish, a 
decoy or other countermeasure, or an enemy sub- 
marine. All give sonar reflections. Limitations on 
transmission in water where temperature changes, 
coupled with fact that acoustic methods are slow 
and inexact point to greater emphasis in develop- 
ment of non-acoustic systems such as deep-sea 
optical maser. 


In the field of marine power—main propulsion as 
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well as secondary and auxiliary power—there is a 
need to: 


Investigate the possibility of larger scale use 
of solid propellants for rocket underwater propul- 
sion. 

Design various imaginative devices to use and 
convert some of the oceans thermal and hydro- 
static energy. Sea water contains uranium for 
fission-produced power and deuterium or heavy 
hydrogen for thermonuclear power. Another pos- 
sibility is to obtain ac or de power from shafts 
turning at 50,000 to 100,000 rpm. Also needed are 
systems to transduce main propulsion schemes to 
secondary and auxiliary power. Novel cryogenic 
refrigeration (apparatus and dewars built in to 
ship) might provide key to make certain energy- 
conversion modes possible. Some of these conver- 
sion models are: 

Nuclear Energy to Thermal Energy via Fis- 
sion or Fusion Reactor or Ionized Plasma Fis- 
sion Reactor to Electrical Energy 

Chemical Energy to Thermal Energy via 
Exothermic Chemical Reaction or Battery or 
Fuel Cell to Electrical Energy 

Thermal Energy to Mechanical Energy via 
Diesel or Turbine 

Thermal Energy to Electrical Energy via 
Thermal-Electric Devices 

Mechanical Energy to Electrical Energy via 
generator 

Electrical Energy to Acceleration of a Water 
Column and Propulsion via magnetohydrody- 
namic device 

Electrical Energy for Electric motors for pro- 
pulsion and Auxiliary Power 

Thermal Energy to Acceleration of A Water 
Column and Propulsion via Hydrojet, or Rocket 

Mechanical Energy to Acceleration of a Wa- 
ter column and propulsion via reduction gear- 
ing-propeller, etc. 

In addition to the problems listed above there is 


also an urgent need for further development and 
improvement in the following specific marine engi- 
neering problem areas: 


Nuclear propulsion reactor shielding. 

Coating material to reduce frictional drag (es- 
pecially for underwater craft). 

Water resistant grease. 

Underwater television and photography. 

Image intensification enhancement devices. 

New device to replace submarine periscopes. 

Underwater countermeasure devices and tech- 
niques. 

Surface and subsurface ship hull and propul- 
sion design. 

New communication systems through the air- 
sea interface. 

Higher reliability, reduced maintenance, lower 
cost, and unattended systems program related to 
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the electronic, electrical, mechanical, etc. systems, 
of ships and crafts including aircraft. 

Life sciences associated with human tolerance 
to unusual environments. 

Anechoic engineering and application of visco- 
elastic materials. 

Increased use of solid state devices in prac- 
tically all marine vehicle design. 

Hydrodynamic innovations—boundary layer 
control concepts. 

Sensors in acoustic and non-acoustic devices 
not limited to ASW detection, for use on mer- 
chant ships, submarines, aircraft, etc. 

Ambient sea noise research. Possible evolve- 
ment of detection techniques akin to those used 
in cosmic ray astronomy. 

Natural science programs to study bird, fish, 
and animal features which might be adapted for 
man’s use. 

Inland Waterway icebreaker craft, possibly 
powered by water reactor and _ turbo-electric 
drive. 

Redesign of special submarines, ships, and air- 
craft for oceanographic purposes. 

More and better equipment for simulation of 
ocean environments. 

Less expensive, more effective overhaul and 
repair methods, particularly for nuclear subma- 
rines and naval aircraft. 

Small-size, broad-band sonar transducers. 
Aside from the specific needs dealt with so far, 

the marine and naval engineering society is faced 
with a series of problems in general key areas with 
bearing on military as well as commercial interests. 
Again there is lack of a unified approach from in- 
dustry’s side, in spite of the benefits to be gained. 

Establish an underwater commercial mining 
and salvaging technology to harvest some of the 
raw materials in the vast ocean. It is estimated 
that one square mile of ocean floor surface con- 
tains cobalt and manganese modules worth $0.5 
million. Other commodities are oil, chemicals, and 
food. Emphasis is on development of inexpensive 
methods to bring these to the surface. 

Develop underwater shipping and storage tech- 
niques as well as logistical underwater and mid- 
ocean support base systems. 


Apply aircraft practices and vast pool of aero- 
dynamic research t> ship design. Ship shape and 
speed have not changed significantly in the past 
50 years. There is tangible, translatable similarity 
in the disciplines of: Hydrodynamics (hydrofoils) 
and aerodynamics (airfoils); meteorology and 
oceanology; sound energy through temperature 
gradients and electromagnetic energy transmis- 
sion in the ionosphere, and many others. There 
is also the applicability of space technology to 
marine engineering (navigation, communication, 
weather prediction, and reconnaissance satel- 
lites.) 


Increase hydrographic and oceanographic re- 
search. Despite much recent work in these fields 
results have not been applied or coordinated to 
utmost advantage. Perhaps this will be remedied 
through government’s increased financial support 
of oceanographic research. Collected data is of 
no real value unless translated into devices, in- 
structions, or practical rules. 


Establish fundamental data for predicting such 
things as metallurgical performance with respect 
to fatigue, locked in stresses, creep, ductility, 
notch effects, etc. Also for possible reappraisal 
and working coordination of ideas related to me- 
chanics, energy conversation, electronics, etc., all 
of which point toward new material and design 
developments. Marine design and engineering re- 
quires the skills and cooperation of many special- 
ists. So far the individuals have generally worked 
in separate groups with little real interchange. 
Growing awareness of need for interaction be- 
tween groups will benefit the entire marine en- 
gineering field. 
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THE UNITED STATES NAVY 
GUARDIAN OF OUR COUNTRY 


The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 


It is upon the maintenance of this control that our country's glorious future 
depends; the United States Navy exists to make it so. 


WE SERVE WITH HONOR 


Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watch- 
words of the present and the future. 


At home or on distant stations we serve with pride, confident in the re- 
spect of our country, our shipmates, and our families. 


Our responsibilities sober us; our adversities strengthen us. 
Service to God and Country is our special privilege. We serve with honor. 


THE FUTURE OF THE NAVY 


The Navy will always employ new weapons, new techniques, and greater 
power to protect and defend the United States on the sea, under the sea, 
and in the air. 


Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 


Mobility, surprise, dispersal, and offensive power are the keynotes of the 
new Navy. The roots of the Navy lie in a strong belief in the future, in 


continued dedication to our tasks, and in reflection on our heritage from 
the past. 


Never have our opportunities and our responsibilities been greater. 
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THE AUTHOR 


enlisted in the Navy in 1931, and served continuously until his retirement. 
He attended Cornell University and Maryland University, obtaining his B.S. 
degree in Military Science from the latter institution. He has had a wide 
range of duty assignments, including tours as Engineer Officer and Repair 
Officer on various ships and tenders. He was recently stationed in Casa- 
blanca, Morocco as Commanding Officer, Military Sea Transport Service and 
retired after 29 years of active duty. His last duty station was in the Office 
of the Chief of Naval Operations. Is now engaged in consulting and inde- 
pendent research on Soviet affairs. 


NORTHERN SEA ROUTE OPERATIONS 


Ae THE END of the first 80 days of Arctic operations 
conditions, initially difficult because of very heavy 
ice packs along the routes, particularly in the West- 
ern sector, had improved somewhat so that ships 
could move in both directions. 

According to L. V. Rozanov, Senior Engineer in 
the Arctic Maritime Operations Division of the Main 
Administration for the Northern Sea Route, cara- 
vans, with the aid of all available icebreakers have 
been moving to Tiksi and Pevek and to the Kolyima 
and Khatanga rivers. By the end of August the sea- 
son was in full swing, with deliveries under way 
to the shore and island polar stations along the Kara 
Sea. Many of the ships have been used over this 
route for quite some years now and, with personnel 
experienced in the operations in ice, are able to make 
their deliveries quickly and with minimum damage. 

Not only Soviet ships, but ships under the flags of 
Finland, West Germany, the Lebanon, Norway, 
Great Britain and Sweden have visited the port of 
Igarka to load, usually, timber. 


In addition to these merchant ship movements, a 
large group of newly built ships moved over the 
route for destination on the Siberian rivers. Some 
had arrived on the Ob and Yenisey, others were 
under convoy and had reached Dikson, stopping 
there to await improvement in the ice conditions 
before moving on to the Lena River. 

While all movements over the Western sector ap- 
pear to have required the use of icebreakers, con- 
ditions on the Eastern sector were so much better 
that icebreakers were needed only when the north- 
wester winds pushed the pack close to the coast. 
Virtually all polar stations, farms, trading posts, 
schools and hospitals along the Chukotsk coast had 
been supplied by the end of August, with many of 
the ships engaged having made several trips by that 
time. 

As in past years, the ships were assisted by Polar 
Aviation of the Civil Air Fleet. Pilots, flying heli- 
copters as well as fixed wing aircraft, did the ice 
survey work needed to select routes through the 
pack ice. 

Arkhangelsk, Vladivostok and Nakhodka were 
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said to be completing their work for the season, load- 
ing the last ships assigned to runs into Arctic waters. 

Curiously, not a single mention of the use of the 
atomic icebreaker Lenin had been noted at press 
time. 


DRY CARGO CARRIER Poltava 


At mid-year the I. I. Nosenko Shipyard in Niko- 
layev, on the Black Sea, was completing the con- 
struction of the first of a new class of cargo ship, 
Poltava, designed to carry such diverse types of car- 
go as loose timber, long-length cargoes, containers, 
trailers loaded vertically, and general cargo. 

The ship, a motor vessel, was planned to class in 
the Register of the USSR, LR4/1S and is a full 
scantling, two-decked ship with the machinery 
spaces, living and working spaces, as well as a re- 
frigerator compartment for carrying perishables, aft. 

The main elements, as well as some of the ship’s 
characteristics, include: 


SE a a ee ee a 510 
Length between perpendiculars, feet ............... 459 
NN MI SN ds 5 coy. acivion id sicliawinkcuse vaeneces 67.5 
Height of side, amidship, feet ...................... 40.3 
UNG Gr WUE, PDE. ogo. occ eccee ce ctncsccecous 11.5 
ee ee 25.3 
a eee 29.5 
Displacement at Plimsoll mark draft, tons ......... 18400 
Displacement at draft of 25.3 feet 

Caute crapettg GERP BOMB) oid cn Seek ec iccccsvcess 15320 
Deadweight (depending on comparative cube 

EE Ree anes ees A 9500-12540 
Cargo carrying capacity, cubic feet (crated cargo) ...564000 
Cargo carrying capacity, cubic feet (bulk cargo) ..... 666000 
Main propulsion installation, ehp .................. 8750 
Design speed, draft 25.3 feet, knots ................ 17 
Design speed, maximum draft, knots ............... 16.5 
oO a ee ree 10000 
RN DN Ae stone eae aig a enie Css we omg aa ee eee 41 
DN | eat oie rule do nuhuDeve lacy a a clean maa eee 9 


Some of the philosophy which went into the plan- 
ning of the ship is worthy of examination, particu- 
larly because, as has been pointed out in previous 
articles, much time is lost in Soviet ports in the 
conduct of cargo operations. 

Planners equated the factors involved in faster 
ships versus this long delay encountered in ports 
and decided that the shorter voyage times resulting 
from faster ships not only disappeared in the face 
of longer delays in port but even, because of higher 
initial costs, resulted in overall losses in operations. 
It was decided, therefore, to look into the matter of 
cargo handling operations and see what could be 
done in this fertile area. 

From the Soviet viewpoint cargo operations can 
be speeded up by packaging cargo, using containers 
or trailers (although use of trailers calls for ships 
of special design and construction and these types 
of ships have not, in the past, always proven eco- 
nomically effective), creating conditions such that 
in the course of loading, or unloading, it is not nec- 
essary to handle cargo twice in any one hold. 
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A second approach is to make deck openings as 
large as possible. Ships with beams up to 52 to 54 
feet can accomodate hatch openings of 33 to 36 feet, 
although a certain amount of manual labor is re- 
quired because pockets along the outboard sides 
remain. Where the beam reaches a figure of 65 and 
more feet (the case with Poltava) this approach 
would result in hatch openings so large that they 
would be a disadvantage and difficult to handle. 


Thus, the approach taken was to design the hatch 
openings in pairs athwartship. At the same time it 
was decided that deep tanks, used for ballast pur- 
poses, served little purpose in the handling of cargoes 
and that, in order to reduce the weight of metal in 
the hull it was desirable to set the engine room and 
superstructure in the stern, to install wing tanks as 
a sort of double wing amidships, to install a dia- 
metral bulkhead and to use cranes for cargo han- 
dling. 

As a result of this reasoning the design incor- 
porates three pairs of hatches which are 44.7 feet 
long, one pair 79 feet long and one central hatch for 
hold No. 1 which is 27.5 feet long. Hatch widths are 
on the order of 20 feet, approximately that of the 
World War II Liberty ships. 


Economically, estimates were based on the use of 
ships of this class on lines from 2,000 to 10,000 miles 
in length, the ships carrying general cargo. If the 
time spent on cargo operations can be reduced by up 
to one-half the present, and if labor productivity can 
be stepped up 15-30 percent among the crew, trans- 
portation costs can be cut, the capital investment can 
be cut anywhere from 10 to 50 percent and the total 
effect of all this can be improved economic indices 
on the order of 25 to 50 percent. But even this broad 
range of estimation depends on “careful organiza- 
tion of operations.” 

As now planned the ship will carry a slow-speed 
diesel Mark 7DKRN74/160, rated at 8750 ehp at 115 
rpm, directly coupled to a single, four-bladed pro- 
peller 18.7 feet in diameter. Supercharging is ac- 
complished by two gas turbines, sucking air directly 
out of the engine room. In addition the engine is 
fitted with an emergency, electrically driven cen- 
trifugal blower so that the engine can be operated 
at reduced power. Cooling is by fresh water in a 
closed system. 

The ship’s service generators are located on a 
platform in the engine room. The installation is made 
up of three diesel-generators type DG-300, alter- 
nating current 50 cycles at 400 volts. Each generator 
is rated at 300 kw while the engine runs at 500 rpm. 


RIVER ICEBREAKERS 


In 1950 the “Krasnoye Sormovo” Shipyard, in 
Gorkiy on the Volga River, built the first two river 
icebreakers, Don and Volga, to be placed in service 
in the post war years. (See the “Journal,” November 
1957, p. 726). These were 1800 hp units, of diesel- 
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electric propulsion, fitted with two propellers. In 
1957 the Baltic Shipyard imeni Ordzhonikidzye 
built a new series of the same type, including Kuban, 
Dnepr, Oka, Terek, and others. In the winter time 
the ships are used as icebreakers, in the summer 
time as tugs. 

As was pointed out in the 1957 article, operating 
experience with the first two units revealed certain 
faults. These faults now appear to have been com- 
pounded by faulty propeller design as well. Initially 
the propellers had been shrouded, but the first win- 
ter’s operations in ice resulted in sufficient damage 
to the shrouds as to make removal desirable. Further 
operation merely resulted in damage to the propel- 
lers themselves, however, with the end result the 
replacement of the original propellers with sturdier 
ones made of steel. Later on the propellers fitted to 
Don were increased in diameter from 6.9 to 7.7 feet 
and, it is claimed, the icebreaker operated for many 
years on various sections of the Volga with no fur- 
ther damage. Careful design also enabled the break- 
er to retain its former pulling power. Originally, 
when the shroud was fitted, the tests made during 
dock trials revealed a pull of 16.3 tons at a developed 
1105 kilowatts (a dynamometer having been used 
to compute the results) whereas, without the shroud 
the pull, at 1067 kilowatts, proved to be 15.9 tons. 


The later units were fitted with propellers with a 
disc relationship A/A, of 0.55. These propellers were 
installed in shrouds made of sheet steel of increased 
rigidity and ice protection for the complex was pro- 
vided in the form of baffles made of steel beams of 
elliptical section installed forward of the shrouding. 
Oka, however, failed to meet trial specifications as 
to pulling power, with the result that Kuban re- 
ceived a set of propellers with a disc relationship 
A/A, of 0.75 while the shrouding inlets of Dnepr 
were increased in size from 74” to 76.5’. Terek in- 
corporated both alterations. 

Trials, conducted with Terek, were interesting. In 
ice thicknesses ranging from 10 to 12 inches, and 
with as much as 6 inches of snow cover, the number 
of propeller turns remained stable from the moment 
of impact with the ice until the breaker had come 
to a complete stop, anywhere from one to one and 
one-half ship lengths into the pack. When the trials 
were moved into areas where the thickness was 
somewhat less, 8 to 11 inches, but the operating time 
was extended because the breaker did not become 
completely stopped, turns dropped off considerably 
and overloading of the main motors was encountered. 
Part of the trouble resulted from impacting of the 
crushed ice in the shrouding so that every 5 to 7 
minutes it became necessary to reverse the motors, 
freeing the shrouding of the ice. Since neither Don 
nor Volga had shrouding and protective baffles this 
particular trouble had not occurred. 

Another problem arose in the course of summer- 
time operations. Although a gain of almost one ton 
was obtained in pull, during trials, in actual practise 


it was found that as towing speed increased this ad- 
vantage disappeared and, when operating without a 
tow, the breakers fitted with shrouds made about 
one mile per hour less than those not so equipped. 
In fact, at maximum turns, on the order of 270 rpm, 
the effectiveness of the propeller installation of Terek 
dropped 10 to 15 percent, because of the effect of 
cavitation. The engineers now feel that the selection 
of the elements entering into the propeller installa- 
tion, as well as the design of the propeller itself, was 
not a good one and that, as a result of the operations 
thus far conducted, as well as trials under actual 
operating conditions, icebreaker-tugs of this class 
should not be fitted with shrouds. 


SHAFT GENERATORS 


In recent years the use of shaft generators has 
come into practise on an ever widening scale in the 
Soviet Merchant Marine. Both AC and DC genera- 
tors have been adopted from tests indicating that, 
for the various classes of ships tested, underway 
requirements for electric power rarely are in excess 
of 10 percent of main engine power. 

This being so, the idea has been attractive to So- 
viet naval architects and engineers because, once 
the ship is underway and steaming steady, the in- 
stalled steam or diesel propelled generating sets can 
be secured. Too, given proper coupling, transmission 
of engine power to the generators is said to be on 
the order of 90 to 95 percent efficient. 

DC generator voltage outputs are maintained con- 
stant, in the face of variable engine revolutions, by 
regulation of the current in the exciter winding. AC 
alternator control is accomplished either by main- 
taining the frequency constant for variations in 
turns, or by varying the frequency. The former, 
calling as it does, for additional equipment, does not 
come very highly recommended. 

Calculations made on ten ships suggest that the 
economy involved is on the order of 33 percent. 
These same tests reported that the ships, while un- 
derway, generated almost one million kwh of elec- 
tricity per year and that the fuel to run the stations 
to provide this power cost 10,000 rubles for diesel, 
and 2 to 3 times more for steam propelled installa- 
tions. 

Conclusions are that it is technically possible, and 
even desirable, to install shaft generators on ships 
of various classes; that with shaft generators a con- 
siderable reduction in costs of operation can be ex- 
pected, not only from reduced fuel costs, but from 
lesser expenditures on repairs to the installed en- 
gines and generators; that with the installation of 
shaft generators servicing is simplified and real pos- 
sibilities are provided for automation of shipboard 
electrical plants. 


SEAGOING SCOW 


Late in 1960 a self-propelled, seagoing scow, or 
hopper barge, Chernomorskaya-1, (Black Sea-1) 
was placed in service, the first of a class designed to 
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Seagoing scow Chernomorskaya-l 


operate with dredgers in the channels in the Baltic, 
Black, Azov, Caspian and White seas. 

Built to class LR4/1S (Scow) of the Register of 
the USSR, the ship has been strengthened for ice 
operations and will carry the dredged materials for 
dumping at sea for distances up to 100 miles from 
port. 

Main elements include: 


OGIO 5 55 cS Sd ecle ab ibe ce Vows een ee 180 
NG 0555 613.50 5s wclsisla's delaeiewicls d dee ovale 34 
NI NN 9 arard, Sig vib 6 0.6 OH cenTneeldi Scie pews ws 14 
I I BI oo sk enscr tp cedkeucwe siceeu 1330 
Draft, mean, full displacement, feet ................. 11.4 
Capacity of holds, cubic feet ...................0000- 17650 
ME EC ig tou atieee vay acer habuce peewee 16 


Hull and superstructure are of steel, all welded. 
Hatch mechanisms are electrically driven, rather 
than of the hydraulically operated type and vibra- 
tors, as well as special water washing systems, have 
been installed in the hoppers to make dumping and 
cleaning simpler. 


Propulsion is provided by two, non-reversible die- 
sel engines Mark 6Ch-p25/34, rated at 300 hp each 
at 500 rpm. A reverse-reduction gear provides for 
transmission. 

All auxiliary machinery is electrically driven from 
two AC diesel-alternators, rated at 50 kw, 230 volts. 


Controls are centralized in the wheel house and 
the rudder installation has proven adequate both 
ahead and astern, except when engines are stopped 
and the ship has stern way on, in which case control 
is inadequate. 

The design came out of Gorkiy and members of 
the Scientific-Technical Society of the Shipbuilding 
Industry participated in the incorporation of certain 
of the features new to this type of ship. 


TECHNICAL PROGRESS IN SHIPBUILDING FOR THE 
FISHING INDUSTRY 

Added impetus has been given to development of 
the branch of shipbuilding dealing with the construc- 
tion, and design, of commercial fishing vessels by 
the establishment, within the Scientific-Technical 
Society for the Food Industry, of a section to deal 
solely with the fishing industry. Workers in the fish- 
ing and in the shipbuilding industries got together 
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in Leningrad earlier this year to discuss the question 
of building modern commercial ships as the basis 
for meeting the task of increasing the fish catch. 

There is little doubt that over the past five years 
or so the number of ships in the commercial fishing 
fleet has increased tremendously. Soviet claims are 
that the number of self-propelled ships in this fleet, 
as of 1960, had increased 263 percent over the 1955 
figure. Included in the additions, and all reported in 
these pages in previous articles, are such large 
freezer trawlers as the Mayakovskiy and Pushkin 
classes, a large group of whaler catcher ships, me- 
dium trawlers of the Okean and SRT-400 classes, 
the whaler bases Sovetskaya Ukraina and Yuriy 
Dolgorukiy and the floating cannery Andrey Zak- 
harov. 

The conference noted the tendency towards pro- 
cessing the fish at the fishing grounds, right on board 
the fishing craft, with delivery to port at a later time 
but with the quality of the catch better and the 
work of the shore canneries made easier, and thus 
more economical. 

Accordingly, further additions to the fleet should 
be, primarily, large, ocean going types, with unlim- 
ited range and duration. A program such as this 
would involve provision of modern navigation equip- 
ment, long range communications installations, high 
levels of automation of search procedures, mechani- 
zation of the fishing processes, complex mechaniza- 
tion and automation of the processing of the catch 
and mechanization of the freezing processes using 
fast-freezing equipment. 

The following main types of ships were recom- 
mended for addition to the commercial fishing fleet: 

(1) large freezer, trawlers with ability and equip- 
ment to operate at long ranges from home ports, 
and including modernization of the Mayakovskiy 
class trawler, which also bears the designation 
BMRT (for Large Freezer Fishing Trawler) , taking 
into account the technical achievements and the op- 
erating experience gained from active ships of this 
class which were destined for independent opera- 
tions in the North Atlantic and the northern part of 
the Pacific Ocean; new fish factory trawlers bearing 
the designation BMTR with increased cargo ca- 
pacity, displacing over 6000 tons, equipped with 
standard installations suitable for extended opera- 
tions in tropical waters; new sardine and fish can- 
ning factory trawlers, designated BSTR, to process 
and can sardines in the regions of the South Atlantic 
which will displace over 6000 tons; 

(2) freezer trawlers using stern trawls (RTM) 
for operations in the tropical waters of the South 
Atlantic; 

(3) medium sized freezer trawlers (SRTM) for 
operations in the North Atlantic equipped to process 
the fish into a salable product; 

(4) large tuna fishers for independent operations 
in the equatorial waters of the Pacific, as well as the 
Atlantic Ocean; 
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(5) small tuna boats for use with base ships sent 
out on expeditions in the tropical waters of the 
South Atlantic and the Pacific oceans; 

(6) tuna base ships to care for the type in (5); 

(7) scientific survey ships for carrying out the 
complex fishing research to be done in distant re- 
gions of the world’s oceans; 

(8) large base-factory ships for trapping and pro- 
cessing seals, and other types, in the northern seas; 

(9) base ships for trapping operations in the Cas- 
pian Sea; 

(10) fishing vessels for catching sprats in the 
Caspian Sea and processing them into fish meal; 


(11) large factory ships for use as floating bases 
for the processing of fish meal in the Far East; 

(12) floating fish canneries for processing the 
raw fish into canned goods; 


(13) refrigerator-transports for carrying frozen, 
chilled and lightly salted fish products; 


(14) commercial refrigerator-factory ships, for 
use as floating bases, and able to receive sardines 
and bottom fish from the fishing vessels, convert 
them in to ready to use products and to act as sup- 
ply ships for the fishing vesels, providing them with 
fuel, water, food and industrial equipment; 


(15) floating bases for processing water plant 
life; 

(16) ships for close-in fishing purposes for use 
in various basins and equipped with refrigerated 
holds (trawler-seiners) . 

Also under discussion was a program for outfit- 
ting ships now under construction with the latest 
equipment so that fish can be processed immediate- 
ly after being caught, thus preserving the flavor and 
quality of the species. The widespread development 
of quick freezing methods was noted and, so far as 
the Soviet Union is concerned, the conference urged 
the participating scientific groups to step up the 
tempo of development of this method and adapt the 
use of automation and standardized types of instal- 
lations to its use. 


REFRIGERATOR-TRANSPORT SHIP 
Last spring a group of shipbuilders met in Niko- 
layev to discuss certain features of a new refrigera- 
tor-transport ship which is to be put into serial 
production at an undisclosed time. The refrigerator 
installation is to use ammonia and freezing of fish 
will take place in holds capable of carrying 180 tons. 
The ship will displace 650 tons, will have a speed 

of 10 knots and will carry a crew of 30. 
Operating areas will include the Black, Caspian, 
Azov and Aral seas, lakes Baykal, Balkhash and 
others, as well as the Ob, Yenisey and Lena rivers. 


BANANA BOATS 
West Germany has been building a series of mo- 
torships for use in the banana trade which can also 
carry chill and frozen cargo. The first of the class 
for the Soviet Union was Aragvi, reported as in 


service in 1960, built to class in the German Lloyds 
GL-100A4DAZ and ice strengthened to class L in 
the Register of the USSR. Main elements and char- 
acteristics of the class include: 


SME WUOUE SOEs nec Sock cheba ss cabucawes teed 395 
Length between perpendiculars, feet ................06: 358 
EE NER ER Ae ere OR GIaS Searcy Deve ey ate ey) eee og 54 
PRONE SINE TINE GONE sis. 5 5 a5 scene Gioia heres wae cle 28 
Draft, loaded, feet 

NE orci a. Badu caine Uobien eet aaeeer Merce 18 

i A ES ene roe gaps Sere a ae Se en) Bowyer 23 
Cargo capacity, tons 

We I 5 tei so s6 ok iS caked WO 2220 

ECR nig sa:s. 0% 0543 saw 50 Vedado Ns Ine 4410 
By IND INI 62255 ies 5 5.555 ne oie Rha bean jeden 7250 
eS eae alee RR es th pel Sem a3 18 
COW es MoMiie tse 5008 béens so mgeus cao phe coes 54 


The main engine is the MAN type K8Z-70/120, 
rated at 7250 hp at 130 rpm. 

Cargo is carried in four holds, each covered with 
an individual, hydraulically operated, folding hatch 
cover. Elevators are installed in each hold to assist 
in loading and unloading the bananas. The elevators 
are loaded through cargo ports installed in the sides 
of each of the decks. Each hold has two chilling 
groups, each of which can be independently con- 
trolled. The freezer installation operates on Freon 
12. 

PROJECT 765 UNSATISFACTORY 


Towards the end of 1959 the Northwestern 
Steamship Line received eight new cargo motor- 
ships built in the “Leninskaya Kuznitsa” Shipyard 
in Kiev, on the Dnepr River. The Central Planning 
and Design Bureau designated the project as Num- 
ber 765 and all eight were assigned to the Leningrad 
Repair-Operations Base for administrative and 
maintenance control. 

In the 1960 season the new ships were operated 
on the run between Leningrad and Cherepovets 
carrying grain. As a result of the season’s opera- 
tions serious doubts have arisen as to the advisabil- 
ity of further use of the class under the conditions 
which exist in the northwestern river basin. Let’s 
take a look at the technical features: 


RN I sik hae eae cae bin een een ee 213 
NR SoA ce dimsinn ran ni cienineba-seeoelos owemeees 30 
Height, without masts, feet ....46. 0606s cc kes ce vs ceves os 31.5 
Cargo capacity, tons 

for Class O (Lake) and draft of 6’ ...............205- 600 

for Class R (River) and draft of 8 ................5- 900 
Main propulsion: (2x SDE), BD «6.65.0 oid ceive sinces 300 
Speed, still water, 600 tons cargo, mph ...............- 10 





Propellers fitted in directional shrouds. Ships destined for 
carrying dry cargoes on the Dnepr and Volga rivers and on 
the reservoirs. 


Surprisingly, the design is such that, even with- 
out the masts the ships had trouble getting under 
many of the bridges found in the operating area 
assigned. It is indicated that a height, presumably 
without masts, of 25 feet, rather than over 31 feet, 
is desirable. Just having to wait for bridges added 
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two days of operating time to a voyage! Among 
other faults were such items as too light construc- 
tion of the shrouding around the propellers, poor 
maneuverability on shallow sections and in narrow 
fairways, rapid wearing of bearings, propeller dam- 
age resulting in surprisingly high repair costs over 
extended periods. 

Perhaps the overhaul figures tell the story better 
than words. The following table was compiled from 
data obtained by dispatchers and the Base’s Plan- 
ning Division: 








Time Time Repair Plan 

Total in in Cost, Fulfill- 

Operating Repair, Repair, 1000 ment, 

Ship No. Time, days days % rubles % 
ST6-860 172 54 31.4 2.23 53.3 
ST6-861 157 36 22.9 4.98 64.2 
ST6-862 177 47 26.5 3.05 73.0 
ST6-863 177 29 16.4 1.43 56.3 
ST6-864 170 44 26.0 3.40 79.0 
ST6-865 184 48 26.0 3.90 72.2 
ST6-866 195 30 15.4 3.39 71.0 
ST6-867 185 23 12.4 1.97 87.6 


The sail area of the class is said to be so high that 
it was impossible, in strong winds, to operate the 
ships empty. When empty the class draws a little 
over four feet aft, but only slightly more than two 
feet forward. When it is recognized that ships oper- 
ating on the grain lines are empty half the time, the 
problem is even more complicated, particularly 
when it is noted that the “Matrosov” anchor in- 
stalled is too light to hold in the harbors. A whole 
host of other problems involving less speed than 
originally planned, a turning circle more than dou- 
ble that planned, and similar difficulties lead one to 
believe that the design was developed without ade- 
quate supervision or checking. 

And it is suprising to find that, despite a hull 
plate so thin that holes have been punched in it by 
bolts used to secure the fenders in locks, deliveries 
have continued. The total in mid 1961 had reached 
15, to be increased to 25 by the end of this operat- 
ing season. 


OVERLAND MOVEMENTS 


This past season passenger traffic opened on one 
of the newly formed reservoirs, Mozhaysk, over a 
25-mile stretch. The ships used were sent from the 
Moscow Shipbuilding and Ship Repair Yard and 
were the lake-type Moskvich. The Moskvich is a 
standard passenger type, but the delivery method 
was somewhat unusual (see cut). 

In Moscow’s Southern Port a 50-ton crane was 
used to load the individual hull into a special cradle, 
shown in the cut, and the truck then hauled the 
load to the reservoir where the ship’s assembly was 
completed, presumably afloat. The length of the 
cradle is almost 100 feet and the hull’s weight is 33 
tons. 
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Transporting the hull of a lake-type Moskvich passenger 
ship 


BOILER CLEANING 


On 1 December 1960 new norms were introduced 
in the Soviet merchant marine to delineate the 
periods of time boilers might be steamed before 
cleaning. The norms have been broken down into 
two categories: periodic, and long term. Soviet 
engineers have been advised that the period of time 
elapsing between boiler cleanings is dependent to a 
large measure on the quality of technical operation 
and attention given to the main propulsion installa- 
tion as a whole and includes elimination of leaks, 
keeping salt water out of the condenser, as well as 
oil out of the boilers, and treating the feed water 
properly. 

The new norms were arrived at after operational 
records from the companies for the years 1958-1960 
were studied. The records included boiler inspec- 
tion reports, monthly and annual inspection reports 
and summaries, engine room and fire room logs and 
results of inspections made on a number of class 
ships. The results of the study indicated that the 
period of time between boiler cleanings had in- 
creased considerably, the result of improved opera- 
tions of steam propelled plants, modernization of 
water treatment and feeding which eliminated the 
need to use boiler compound, and improvement in 
methods for keeping oil out of the boilers. 

Perhaps more important than all the above, or 
perhaps because of all these reasons, boiler casual- 
ties have dropped and the Register of the USSR has 
data to indicate that failures because of impurities 
in the boilers dropped considerably between 1957 
and 1959. 

As a result of all this the following norms for 
periodic boiler cleaning, on board both serial and 
non-serial ships, are in force: 


Type Boiler Period between boiler cleanings, hours 
When feed When feed 
water is water is 
treated prior not treated 
to entering prior to 
boiler entering 
boiler 
Fire tube 6000 4000 
Combination 5000 3000 
Water tube 
used with reciprocating engines 5000 3000 
used with turbine engines 7000 — 
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The time spent by boiler cleaning crews, not 
necessarily ship’s force, depends on the type of 
boiler, its design and size, but should not exceed 
the times set forth in the table: 


Type Boiler Time to clean one boiler, days 
Dn ke. a eh dents Gao 

ED o's... occ ica wetinkscwe gue scianides 4 

MIE, 2 ones ocacaeieuee weaker 5 


The only deviation from the above has been per- 
mitted ships of the Donbass class, a Polish-built 
class, the lead ship of which was delivered in 1952, 
which, because of some design peculiarities, can 
have 7 days per boiler for cleaning purposes. 

The new norms, if they can be met, will enable 
boiler cleaning time to drop some 50 per cent and 
further, assuming certain new, progressive meas- 
ures take root, to the point where boiler cleanings 
will only be necessary during annual overhaul 
periods. 


DRY CARGO AND TANKER TYPES 


Present day planning for the future Soviet mer- 
chant marine is indicative of what can be expected, 
not only in Soviet building programs, but in orders 
placed abroad. 

Three types of cargo carriers suggest themselves 
for future use: 3000-4000, 6000-7000 and 11000-13- 
000 tons. As distinguished from present day types, 
these new ships will feature means for rapid cargo 
operations, both of ordinary cargo and cargo in 
packages and in containers. 

Instead of the 10,000 ton tanker of the Kazbek- 
class, we can expect to see the Hammer and Sickle 
flying over 18000-20000 tonners which will be able 
to carry not only petroleum, but products as well. 
A larger class, of 26,000 tons, can be expected and, 
as ports are built and rebuilt, so that depths in ap- 
proach channels and alongside docks can accommo- 
date them, 45000-50000 tonners can be expected. 

Experimental units to carry compressed gases, 
manufactured and semi-manufactured chemical 
products, and other, similar cargoes, are anticipated. 

While all this planning is going on, the repair 
yards are complaining that the designers pay no at- 
tention to them, that ships are designed and built 
without regard for the fact that repairs ultimately 
become necessary. One specific example. On the 
Akmolinsk class of refrigerator it is necessary to 
cut out the ventilation hatch over the engine room 
in order to remove a Mark 3D100 engine, the actual 
opening being too small to accommodate the en- 
gine. On the Kurgan class supplementary opera- 
tions cost 50,000 rubles, added to ordinary repair 
costs. 


DREDGERS FOR THE CASPIAN SEA 


The falling water level on the Caspian Sea is an 
old problem and about the only solution, at the 
present time, is dredging out the channels to ports 


as the level recedes. It is, therefore, hardly surpris- 
ing to find that the dredging fleet on the Caspian 
has been steadily increased. In 1958 the East Ger- 
man-built bucket dredger Turali, a 600-hp unit, 
capable of handling 525 cubic yards of material per 
hour, arrived on the Caspian. It was designed to 
work to a depth of 40 feet, but by changing the 
framing this depth can be increased to 47 feet. 

In that same year the non self-propelled cutter 
head dredge Beloye Morye arrived on the Caspian 
ready to operate. This dredge was rated as handling 
655 cubic yards per hour, with a maximum dredg- 
ing depth of 40 feet. 

Diesel tugs, such as Uzboy and Nebit-Dag, have 
been assigned to handle the scows capable of load- 
ing 260 cubic yards, while motor cutters of 150-hp 
of the RB (Roadstead Tug) type have been as- 
signed to service the dredger caravans and the 
afloat installations. 

New barracks ships, built in Bulgaria, have com- 
fortable one and multi-place cabins and modern 
conveniences for the caravan crews. 

Early arrival of three new diesel-electric, self- 
propelled dredgers is expected. These suction 
dredgers, designed by the Central Planning and De- 
sign Bureau No. 8, will have a capacity of some 
2000 cubic yards per hour, three times the pro- 
ductivity of such old line suction dredgers as Ba- 
bushkin, Lenkoran and Beloye Morye, the new 
unit. These new dredges will be able to operate be- 
tween ports on their own power, which will be a 
rated 3000 hp, as opposed to but 600 hp for the 
older dredgers. The cutter head drive is 600 hp for 
the modern units, as opposed to a 250 hp drive in 
the smaller ones. 

At about the same time that the new dredges are 
scheduled to arrive, arrival of self-propelled scows 
from Odessa is also expected. It may be supposed 
that the Chernomorskaya-1, discussed earlier, is the 
class which will find use on the Caspian. 


GAS TURBINE CONSTRUCTION 

The Kirov Works, Leningrad, was reported as 
having under construction, at mid year, the first 
gas turbine unit to be built in the Soviet Union for 
use in the Soviet merchant marine. In typical So- 
viet fashion the assembly, designated GTU-20, is 
said to have no equal in the world. 

Many of the parts and assemblies are being 
manufactured by other Leningrad organizations, 
such as the Bolshevik Works, the Baltic and Ar- 
miralty shipyards. Trials had been pledged for the 
opening of the XXII Congress of the Communist 
Party, October 17. 


TRIALS OF THE ICEBREAKER Moskva 
Moskva is the 9200 GRT icebreaker, first of two, 
built in Finland for the Soviet Union. During the 
1960 season scientists from the Arctic and Antarctic 
Institute and other organizations tested the main 
and auxiliary equipment installed. 
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The diesel-electric propulsion installation in the 
ship consists of eight diesel engines, rated at 3250 
hp each, rigidly coupled to generators bearing the 
designation GM434.80-8 providing power for the 
three shaft main drive motors. The rated output of 
each generator is 2150 kw, or 2925 hp. 

The total power of the diesel installation is 26,000 
hp, with 22,000 delivered to the shafts. Underway 
in the ice the propeller turns were 115 rpm. 

The main diesels are the Wartsila-Sulzer type 
9MH-61, of nine cylinders, non-reversible, with a 
constant speed of 330 rpm. Trials were conducted, 
however, at speed settings of 260, 300 and 330 rpm. 

Noise level measurements were also conducted 
and it was found in no case did levels exceed those 
designated as normal in any of the living compart- 
ments, except for two 8-man cabins located over the 
outboard propellers. 


CASPIAN SEA OPERATIONS 


Changes have taken place in the makeup of the 
fleet operating on the Caspian Sea, both in dry car- 
go and tanker types. As a result, some of the older 
tankers, such as General Azi Aslanov, have been 
assigned to permanent operations and, as an indica- 
tion of traffic conditions, in 1960 made 303 trips to 
the offshore drillings known as Neftyanyiye Kamni 
(Oil Rocks) and brought over 3 million tons of 
petroleum back to Baku. 

The addition of shallow draft tankers, the Oleg 
Koshevoy-class, has resulted in a continuing reduc- 
tion in transshipment operations in the Astrakhan 
Roads. In 1959, for example but 490,000 tons of oil 
moved into Astrakhan without transshipment. in 
1960 the shipments totalled 1,657,000 tons. The 1961 
anticipated figure is on the order of 2,000,000 tons. 

This class of tanker is being automated by the 
installation of such equipments as gyro pilots, elec- 
tronic equipment to provide continuous coordinates 
of position, direction finders and radar. Cargo 
handling as well as certain of the engine room func- 
tions will be automated. Experimental propellers 
are planned for Fedya Gubanov, one of the Bulga- 
rian-built shallow draft tanker types. 

Shamkhor, the dry cargo version of the tanker, 
made the first experimental voyage from Krasno- 
vodsk all the way to Kineshma on the Volga above 
Gorkiy with 2100 tons of cotton, returning to Baku 
with a cargo of sawn lumber. 


PORT TUG WITH KORT PROPELLERS 

The Technical Administration of the Ministry for 
the Maritime Fleet has released the following char- 
acteristics for the first of a series of all-welded steel 
nort tugs fitted with two Kort propellers in the 
bow: 


COI IINE Cbs ae chides ce hete scedohntaeeseneee 80 
EEO OE POT EE ree 23.6 
0.4, < slaw cmiisile stein oh aawep eutew oiemeee 9.5 
TE ons trad amas oaks eee a eseue ue eae Ch een 6.5 
DIG AEE So 5 cee cert bets sslcccueeh stedu ven cane 174 
Towing power at GRO; WONS o.oo isc ee 5.5 
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The hull is framed in the transverse system and 
is divided up into 7 watertight compartments. Bow 
and stern extremities are ice strengthened. The 
main engines are two in number and are 4-cycle, 6- 
cylinder, non-reversible, single acting diesels Mark 
6Ch25/34 manufactured by the Pervomaysk Works 
imeni 25 Oktyabrya. This mark engine is rated at 
300-hp at 500-rpm and a maximum of 330-hp at 513- 
rpm. 

The propellers are DKK 20/5 with horizontal 
drive shafts, with the lead shaft rotating at 500-rpm. 
Diameter along the axis of the blading is 79 inches, 
the length of the working part of the blade is 47 
inches. The propellers have five blades. The dry 
weight of each propeller unit is close to 3600 
pounds. The reduction gearing is a conical gear with 
a transmission ratio of 1:5.8 and control of both 
propellers is from the wheelhouse by remote con- 
trol. Maximum speed is 9 knots. 


WATER BARGE AND WATER-WASHING STATION 


Two non self-propelled scows are reported to 
have been converted into water carrier and water- 
washing stations. Principle elements of the barges 
include: 


RIE oa a Neca en ok ee 131 
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The machinery installed includes two diesel gen- 
erators of 25 kw each. The engine is a 4ChA 10.5/13 
rated at 40 hp, a piston cargo pump driven by an 
electric motor, a bilge pump and an auxiliary equip- 
ment. Total water tank capacity is 325 tons. 


DRY DOCK TRANSFER 


Late in June a caravan made up of the large 
tanker Pekin, the icebreaker Sibiryakov, and the 
salvage tugs Atlant, Poseydon and Argus departed 
from Kronshtadt, on the Baltic, for the Black Sea 
with Pekin towing a floating steel dry dock capable 
of lifting 60,000 tons. Dimensions of the dock are 
given as 820 x 197 feet. Pekin was selected as the 
towing medium because of her 19,000 hp propulsion 
plant, her fuel and water capacity and ability to 
ballast down for better stability in the event of 
rough water. Original plans called for 48 days to 
complete the 5,233 mile voyage. 


HYDROFOIL Sputnik 


Early in July the Krasnoye Sormovo Shipyard in 
Gorkiy, on the Volga River, announced the launch- 
ing of the latest in a series of hydrofoils building for 
passenger use on Soviet rivers. Sputnik, as the lat- 
est addition is called, will be able to carry 300 pas- 
sengers at speeds up to 50 miles per hour. 
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TRAINING PROGRAM FOR FUTURE SEAMEN 


Recent changes in the laws concerning public 
education in the Soviet Union have resulted in cor- 
responding changes having been made in the man- 
er in which the training of cadres for both the 
merchant marine, and the river fleet, takes place. 

Basic training in middle and higher institutions of 
learning now is a combination of theoretical study 
and practical work. In fact, the whole system of 
preparing cadres has been completely redesigned, 
with the greatest changes occurring in the phase 
dealing with work afloat which has now become a 
direct link between the school and production ac- 
tivities. 

This year, for the first time, hundreds of students. 
after completing basic, general technical and special 
courses in maritime disciplines were shipped out on 
vessels assigned to the Black Sea, Baltic, Latvian 
and other companies. The duration of the assign- 
ment is a year, during which time the student will 
work in his particular specialty and will study by 
correspondence. Students in engineering specialties, 
for example, were shipped out as motorists and ma- 
chinists first and second class. Future electricians 
and radio operators, before going on board ships, 
will be qualified as shipboard electricians, radio 
operators second class and radio telegraphists. 

In the year at sea the student must maintain close 
communications with his school and prior to his 
having left school he was briefed in the best meth- 
ods of independent study and the manner in which 
he was to complete his assignments. 

Other students have been sent out on the training 
ships Ekvator and Polyus which, during the train- 
ing voyages actually handled cargo in the export- 
import trade. Ekvator, in 1959-1960, for example, 
carried some 6000 tons of general cargo between 
ports on the Black and Mediterranean seas. All 
operations connected with the cargo were handled 
by students. The schools now control three training 
ships, each of which has a cargo hold of 350-400 tons 
capacity. On the Caspian, for example, Volodya 
Dubinin with a capacity of 1,000 tons has been as- 
signed as a training ship and is in use by the Baku 
Maritime School. Plans call for replacement of the 
old training ships with new ones, equipped with 
modern equipment and instruments. As yet no de- 
termination as to the method to be used to control 
study and teaching when ships sail on long voyages, 
particularly when the students are involved with 
complex subject matter. 

S. Khayurov, Chief of the Educational Institu- 
tions Division of the Ministry for the Maritime 
Fleet, accuses many of the captains, mates and en- 
gineers of inattention to training matters, many of 
them not being sufficiently trained themselves to 
assist students. He expects the schools to send out 
qualified people and to make their own arrange- 
ments to provide the needed guidance and instruc- 
tion. 


The schools, in turn, are devising new approaches 
to the problem and certain examples can be cited. 
The Vladivostok Higher Marine Engineering School 
will require its graduating students to present 
projects which have close connections with actual 
production problems, projects which will have to 
contain specific suggestions on how to modernize 
methods presently in use and how to improve eco- 
nomic indices. The Odessa Maritime Fleet Engi- 
neering Institute is starting a new series of special 
courses dealing with training engineers in how pro- 
duction processes in ports and in ship repair yards 
can be automated. Other engineers are to be trained 
in economics as a separate discipline. The Gorkiy 
Water Transportation Engineering Institute, a river 
institution, gets most of its first year students from 
right off the job, but since most of them have a good 
bit of practical experience the Institute has been 
revising its correspondence course base and, with 
the 1260 correspondence course students enrolled 
this year, has a total of 3500 students in various 
of its courses. 


TANKER FOR EAST GERMANY 


The 16,000 ton displacement tanker of the Kazbek- 
class, built for East Germany in the Admiralty 
Shipyard in Leningrad, was run over the trial 
grounds in the Baltic in July. Named Tsayts, the 
tanker will be homeported in Rostock. 

Another tanker of the same class, Belen, also for 
East Germany is ready for launching. 


WHALER BASE SOVETSKAYA ROSSIYA 


The I. I. Nosenko Shipyard has started dock 
trails on the latest of the whaler bases building in 
the Soviet Union. Trials of the main engines, the 
industrial equipment, refrigeration installation and 
other equipment were reported in progress in mid- 
July. It can be anticipated that Sovetskaya Rossiya 
will participate in the whaling season which is 
coming up shortly. 


RIVER PASSENGER SHIP ADDITION 


The three-decked passenger ship Ivan Susanin, 
built in East Germany for the Soviet Union, arrived 
in Moscow in time to open a run between Moscow- 
Kuybyishev-Moscow late in July. The motorship 
will make the run, something over 2000 miles, in 
12 days. 


PASSENGER SHIP FOR THE CASPIAN 


The Vano Sturua Shipyard in Baku is reported 
ready to launch a passenger motorship named 
Sulak, the first such built in Azerbaydzhan. The 
ship is to operate between Astrakhan-Bautino- 
Guryev, an area of shallows. Aluminum and man- 
ganese castings have been widely used to reduce 
weight in order to meet draft requirements and 
still carry 130 passengers in air conditioned cabins. 
Further construction of the type is planned. 
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HEAVY-LIFT CRANE DELIVERY 


An August report cites the arrival of a 100-ton 
lift capacity floating crane having arrived in Klay- 
peda for use in the maritime port. The crane was 
built to Soviet order in Hungary. 


RIVER CARGO CARRIER CONSTRUCTION CONTINUES 


The last isue of the “Journal” reported the con- 
struction of Volgo-Don 1, first of a series of river 
carriers of 5000 tons capacity. The number of the 
class afloat had, by August, increased to three, 
with Volgo-Don 3 running trials on the Gorkiy Sea. 
However, the latest of the series has no transverse 
bulkheads, and instead of four holds has but one, 
some 328 feet long. At this writing trials in the 
stormy weather usually anticipated on the Kuy- 
byishev reservoir should be underway in an effort 
to determine if the design is capable of withstanding 
the stresses imposed by such weather. 


SHIPBUILDING IN BULGARIA 


The Georgiy Dimitrov Shipyard in Varna is en- 
gaged in building steel and reinforceed concrete 
ships, not only for own use, but for export as 
well. In addition the yard engages in repair work 
on these same types. 

Production includes steel passenger motorships 
with speeds up to 14 knots and passenger capacities 
of 150, dry cargo motorships with deadweights of 
200, 400, 800, 3150 and 5000 tons. 

Repair work is done on a slip which can lift 
ships weighing up to 800 tons and a dry dock 
measuring 720 x 89 feet, the latter serviced by 
two cranes capable of handling 15 and 30 tons 
respectively. 

Reinforced concrete ships are built on four trans- 
verse ways and the building cycle calls for about 
75 days to erect the framing, 5 days (in three shifts) 
for the pouring of the concrete, and 30 days for 
drying of the hull. Launching is done on carriages. 
These hulls are built up into barracks ships housing 
130 men, including a 31 man crew. All living and 
cultural facilities are housed in the hull which has 
the following characteristics: 


I OE 655.5 6s sinas cen nasuind bveente ines 226 
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Other types include non self-propelled canneries 
which are outfitted to process 15 tons of fish per 
hour on the fishing grounds. This type has a hull 
which is 143 feet long, 31 feet in the beam, and 
draws 9 feet. A main generator rated at 25 kw, and 
a 7.2 kw auxiliary generator, are installed equip- 
ment. This same hull, when loaded with agricultural 
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products, draws nearly 15 feet while carrying 500 
tons. 

Perhaps the most interesting of all is the 3200 
ton deadweight, seagoing tanker with the following 
dimensions: 


ee I, NE nook od och cc doe panes bovine coe eeen 305 
Length between perpendiculars, feet ................... 295 
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The main engine is ro‘~d at 1200 hp and the 
speed is said to be 16 knots. A crew of 39 men will 
be needed to service the ship, which has a steel 
superstructure set on the reinforced concrete hull. 
The bottom thickness runs to 4 inches, the sides 
slightly less. Decks are slightly more than 3 inches 
in thickness, while bulkheads range from 2% to 
3 inches. 

The yard is said to be engaged in studying the 
possibilities of building reinforced concrete floating 
docks, cranes and other technical units. 


Other construction takes place in the yards in 
Rus and Burgas, including the construction of 3200 
ton capacity cargo ships, steam propelled passenger 
ships, river tankers with 4000 tons capacity and 
floating repair bases. 


SHIPBUILDING IN HUNGARY 


Building for use on the Danube is a river ice- 
breaker 105 feet in length, 24 feet in beam, drawing 
almost 5 feet on a displacement of 162 tons. The 
ship can be used as a tug as well. 

The main engine is a supercharged diesel rated 
at 600 hp at 310 rpm. 


SHIPBUILDING IN POLAND 


The 1961 plan for shipbuilding in Poland called 
for building 65 ships with a total of 300,000 dwt, 
an increase of over 45,000 dwt as compared with 
1°60. Employment increase for 1961 over 1960 has 
been listed as 3 percent. 

First quarter 1961 production was 13 seagoing 
ships with a total 64,915 dwt. This is an extension 
of 1960 production which, according to Polish 
sources, saw Poland take first place in the world in 
the production of factory trawlers and base ships 
for the fishing fleets throughout the world. 


Polish representatives, meanwhile, met with 
USSR officials to work out the details of the export 
agreement which, over a five year period, calls 
for delivery to the USSR of 44 ships of various 
types with a value of 442 million zlotys in foreign 
exchange. Added to previous agreements, this 
number runs the figure for the period 1961-1965 to 
77 ships of various types, all apparently to be built 
in Gdansk. 
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Name 


Abruka, m/v 
Adimiles, m/v 

Aga Neymatulla 
Aldanles, m/v 
Arkhangelskles, m/v 
Arman, s/s 
Chernomorskaya-1, m/v 
Egersheld 
Gundulich, m/v 
Gyurgen 

Leon Paeglye, m/v 
Nagayevo, m/v 
Nikel, m/v 

Pavel Chebotnyagin 
Ployeshti, m/v 
Poltava, m/v 
Poseydon 

Pskov 

Purga, d/e 

Ruslan 

Split, m/v 

Sputnik, m/v 
SRT-1172 
SRTR-9144, m/v 
Sulak, m/v 

Termez* 

Vitaliy Bonivur, d/e 
Yalta 

Yevgeniy Nikishin 


. Caspian Sea use. 
. Far East use. 


. Under construction. 


auf. Whe 


Merchant Marine Additions 


Where Built 


Poland 
Poland 
Poland 
Poland 
USSR 
USSR 


Poland 


USSR 
USSR 


USSR 


Poland 

USSR 

East Germany 
USSR 


USSR 
Austria 
USSR 


. Under construction in the Admiralty Shipyard. 


. For the Rostov Maritime School. 


Type 


Cargo 

Timber Carrier 
Crane Ship’ 
Timber Carrier 
Timber Carrier 
Fish Factory 
Scow 
Refrigerator® 
Cargo 

Cargo’ 

Fish Factory 
Cargo’ 

Cargo 

Fishing Base Ship* 
Cargo 

Cargo’ 

Salvage Tug 
Dredge 

Port Icebreaker* 
Training Ship*® 
Cargo 

Trawler 
Trawler 
Refrigerator Trawler 
Passenger’ 
Refrigerator 
Tug 

Cannery Ship‘ 


. 10,000 tons displacement. Under construction in the Baltic Shipyard. 


LUBES BEARINGS AT 1500°F 


A new high-temperature lubricating process uses chemical coatings in 
lieu of conventional liquids and powders. This process chemically converts 
bearing-part surfaces into a multi-metal alloy with lubricating properties. 
Depth of treatment is about 0.00000! in. Even at 1500°F the lubricated 
surface takes high loads. 


The Iron Age, 10 August 1961 
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A 7500 SHP GAS TURBINE FOR 
NAVAL BOOST PROPULSION 
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: APPLICATION of gas turbine boost to naval 
ships, which was first demonstrated in a gunboat of 
the Royal Navy in 1947, has now spread to ships of 
much larger size, and the purpose of the present 
paper is to deal with the G.6 gas turbine, which 
forms part of the power plant of two classes of ships 
of the Royal Navy. 

Design studies carried out by Yarrow-Admiralty 
Research Department, in close collaboration with 
the Admiralty and the author’s company, into the 
best arrangement of propulsion machinery for two 
projected classes of ship (general purpose frigates 
and guided weapon destroyers) led to the conclu- 
sion that steam turbines (of reasonably advanced 
steam conditions) should be used for normal pro- 
pulsion and maneuvering, and that the upper por- 
tion of the power range, only rarely used in these 
classes of ship, should be provided by gas turbines. 
Various ratings were considered for the gas turbine 
plant, and that eventually specified was 7,500 hp, 
measured at the propeller shaft. 


The frigate and destroyer installations each used 
the same gas turbine, the G.6, with only minor in- 
stallational differences; the frigate machinery (sin- 
gle-shaft) included one gas turbine and a steam tur- 
bine, driving into a common reduction gear; while 
the destroyer machinery consisted of two shafts, 
each powered by a steam turbine and two gas tur- 
bines, driving into a common reduction gear. 

The G.6 gas turbine was the fifth member of the 
family of naval gas turbines designed and built by 
the author’s company, which commenced with the 
1947 Gatric plant. 


The designations G.3 and G.5, which do not ap- 
pear in the table, refer to projects which were not 
built; G.3 was to be a 12,000 shp machine which 
used the Sapphire aero-engine for the gas genera- 
tor portion, and G.5 was to be a 15,000 shp machine 
which was investigated in connection with the re- 
quirement (for the guided weapon destroyer) for 
15,000 gas turbine horsepower on each propeller 
shaft. After studying operational requirements and 
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TABLE I 


Leading particulars of naval boost gas turbines 


Designation 
Year of order 
Year of test 
Specified blading life at full power, hours 
Specified output at propeller shaft, H.P. .................. 
I I I FON ois. 05.4 6.cia oad o davieits coesienevendoedees< 
I OE I iciclies cdde cee geredeeesieeees eile ne 
co pec neces cer eearetne elas 
Total weight, gas turbine plus gear,* Ib. .................- 
Weight, gas turbine plus gear,* pounds per S.HLP. ........ 
UE I I ort edocs bs dh nwecbeeeesdetsedcne 
Compressor pressure ratio 
Compressor speed, rpm 
Turbine inlet temperature, ° 
Power turbine speed, rpm 
Full load specific fuel consumption, lb./S.H.P.-hr. ........ 


* Excluding lubricating oil system and tank. 


G2 G.2/11 
1948 1951 
1951 1955 

300 300 
4800 4800 
6950 6950 

151 1.51 
2770 2750 
9720 
2.02 
65.6 
4.0 
7830 


All performance figures refer to ambient air conditions of 59°F., 14.7 psia. 
Ducting pressure losses are only nominal for all machines except G.6, for which the losses are 0.30 psi at exhaust, and 0.35 


psi plus silencer loss at inlet. 


convenience of machinery space layouts, it was de- 
cided that two 7,500 shp gas turbines were prefer- 
able; this also enabled one similar gas turbine to be 
used in the Frigate power plant. 


DESIGN REQUIREMENTS 


The G.6 gas turbine, rated at 7,500 shp at 59°F 
ambient air temperature had a specified life of 
blading at full load of 1,000 hours; the output had 
to be developed under conditions of duct pressure 
losses of 0.65 psi, plus an inlet silencer. Severe 
shock acceleration had to be withstood, and an addi- 
tional requirement was that the gas turbine had to 
be airtight, so that the air passing through the ma- 
chine did not leak into the engine room. The ma- 
chine had to be capable of operation partially sub- 
merged in water; and starting and control of output 
were to be effected remotely. 

The cycle chosen required a compressor pressure 
ratio of 6.3 and a turbine inlet temperature of 
1460°F (1470°F at 90°F ambient air temperature, 
when 6,750 shp was specified). The predicted speci- 
fic fuel consumption at full load was just over 0.72 
Ib/shp-hr. 

In order to obtain full benefit from the quick- 
starting capabilities of the gas turbine machinery, 
provision was made in the reduction gear for driv- 
ing the propeller shaft in either direction, so that 
maneuvering of the ship on gas turbines only was 
possible. The reduction gear already contained auto- 
matic over-running clutches of the S.S.S. type so 
that the L.P. turbine of each gas turbine was dis- 
connected except when it was providing power; by 
this means the problem of power loss due to wind- 
age was avoided. 

The mechanical construction of the G.6 gas tur- 
bine was a good deal heavier than in previous boost 
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gas turbines. This was for two reasons: shock ac- 
celeration requirements required a certain amount 
of increased rigidity, but, more important, was a 
determination on the part of the designers and the 
Admiralty, that the G.6 machine should, so far as 
was humanly possible, be free from all the troubles 
which had been experienced on previous boost 
machines. 

By the time of the initial conception of the G.6 
machine, Admiralty experience with several light- 
weight propulsion gas turbines, based on aero-en- 
gine concepts, had shown that, for one reason or 
another, ball and roller bearings did not seem to be 
suited to naval propulsion machinery, and both G.4 
and G.6 gas turbines used sleeve journal bearings 
and Kingsbury thrust bearings for that reason. This 
experience indicated that no existing aero-engine 
should be used, without conversion to white-metal 
bearings, as part of a naval propulsion gas turbine 
for vessels of the size and importance then con- 
templated. 

Current aero-engines have the highest reputation 
for performance and reliability, but the develop- 
ment cost of a new model is such that it needs to be 
sustained by sales of thousands of units; and the 
cost of modification of a “standard” model to in- 
corporate, for instance, white-metal bearings, would 
also be high. Naval gas turbines of the ratings con- 
cerned would be required in dozens or, at the most, 
a hundred or so, and the cost of development can- 
not be spread over large numbers of units. Such 
considerations, together with several other impor- 
tant modifications which would be required for 
naval purposes, justified the design of the G.6 as a 
completely new machine, especially tailored to its 
specification. 

Because of the desire to keep the development 
cost within limits, it was considered prudent to 
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adopt design criteria somewhat more conservative 
than those applicable to aircraft practice; the naval 
gas turbine has to be right, or at least nearly right, 
first time, and a too-ambitious project may lead to a 
disappointingly large amount of development in 
order to succeed. 


DESIGN HAS TO BE RIGHT FIRST TIME 


At the time of the G.6 design, the difficulties due 
to rotating stall in variable-speed compressors were 
being encountered in aero-engines, but there did 
not appear to be any easy way out of this trouble, 
except to reduce the blade loading below the point 
where the vibrational stresses induced could cause 
failure. The G.6 compressor blading, as a result, is 
of markedly more robust design than that used in 
previous naval machines. Consideration of a some- 
what similar nature led to the use of more robust 
turbine biades. 

One effect of the use of wider-chord blades is, 
naturally, to increase the size and weight of rotors, 
cylinders, and many other components; and Table I 
shows how the weight per horse-power of the G.6 
has increased compared with earlier machines; only 
a small part of this increase is due to “square-cube 
law” effects, although some increase is undoubtedly 
due to the provision for loading by shock accelera- 
tion. 

TEST INSTALLATION 


The extent of the Admiralty’s commitments in 
respect of the G.6 machine was reflected in their 
determination that no part of the plant involving 
any untried principle should go to sea until shore 
testing had, so far as was possible, demonstrated its 
ability to meet its duty. To ensure the implementa- 
tion of these requirements a special test plant was 
laid down at the builders’ works, simulating one 
propeller shaft set of Destroyer machinery, except 
for the steam turbines. This consisted of two gas 
turbines, a reduction gear and its associated 
clutches, a hydraulic dynamometer of 10,000 hp for 
power measurement, and duplicates of the remote- 
ly-operated shipboard controls. The two “shore 
trials’ gas turbines were completed and run well 
ahead of those turbines destined for ship installa- 
tion, and a great deal of development, involving mi- 
nor changes both to the gas turbines and to the 
reduction gear, was carried out; if the development 
had had to be done in a ship at sea the difficulties 
would have been enormous, the time taken com- 
pletely unacceptable, and the cost (including that 
associated with the ship and its crew) astronomical. 
The whole “shore trials” installation remains a 
tribute to the foresight of the Admiralty in this re- 
spect. 

DETAILS OF CONSTRUCTION 


The annular combustion chamber, used in all 
previous designs, was abandoned and six flame- 
tubes were used. This offered the facility of a ma- 
chine completely split at the horizontal joint for 


access; no other condition could be tolerated in the 
type of installation now contemplated. It also al- 
lowed the rig testing of combustion chambers at 
full load, not possible with the annular chamber. 
The compressor inlet casing now faced vertically 
upwards, not axially as in previous machines. The 
compressor blading was completely in aluminum 
bronze, which had the highest fatigue strength, in a 
marine atmosphere, of any alloy available at the 
time of design. The compressor fixed blading was 
unshrouded at the outlet end, but at the inlet end 
five stages were built into diaphragms, as in con- 
ventional steam turbines. This was necessary to en- 
sure freedom from blade vibration. 


Both turbines were two-stage, overhung back to 
back, and each turbine casing was fitted with liners 
to reduce distortion due to temperature gradients. 
Light alloy castings, used extensively on previous 
machines, could not now be used for structural 
parts because of the severe shock requirements, and 
steel fabrications took their place. A large lubricat- 
ing oil pump was driven from the compressor, and 
formed part of the main lubricating system of the 
propulsion machinery. Starting was by compressed 
air, after exhaustive analyses of many other meth- 
ods. Six motors (developed versions of an Ad- 
miralty torpedo motor) were used, driving through 
sun-and-planet gears on to the compressor shaft. 
An over-running clutch of the S.S.S. type was pro- 
vided for disengagement. The motors operate on air 
stored at 3000-4000 psi and supplied to the motors at 
600 psi. At this pressure, each motor is capable of 
43 hp peak output, at 4000 rpm. During the starting 
cycle the motors disengage at 3200 rpm, at which 
condition the output of each is 41 hp. Each start re- 
quires about 1100 cu. ft. of free air. The motor ca- 
pacity is large enough to ensure starting at air sup- 
ply pressures down to about 450 psi. Ignition was 
by magneto, driven from the starter gear train. This 
system, together with the ability of starting from 
air stored in bottles, and of providing sufficient 
lubricating oil for starting by means of a hand- 
operated pump, offered the facility of starting the 
gas turbine in emergency in a completely “cold” 
ship, i.e., without electricity supplies of any sort. 
Provision for increased ease of maintenance was 
made; all top half casings, and rotors, can be lifted 
on screwed columns for inspection. Large com- 
ponents, such as the compressor inlet casing and 
the turbine exhaust, were subdivided into small 
pieces for ease of handling. 

The gas turbine is mounted completely on a sub- 
frame, which is designed to be strong enough to 
transmit to the ship’s seating the forces arising out 
of shock loads due to underwater explosions. It so 
happens that the deck openings required by the gas 
turbine ducting are large enough to admit each ma- 
jor component of the machine, with the exception 
of the sub-frame. This means that the whole gas 
turbine may be removed and replaced, piece by 
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piece, if required, without having to cut special 
apertures in the deck; a facility which is rare in 
respect of propulsion machinery for naval vessels of 
this size. 

The normal fuel is gas oil (a distillate) but pro- 
vision is made (as specified) for burning untreated 
furnace fuel oil in emergency, although it is ac- 
cepted that the turbine may be damaged as a result. 


TESTING 


The first gas turbine was programmed for com- 
pletion some time ahead of its reduction gear, so 
testing with power absorption by the conventional 
method was not immediately possible. By running 
with a variable-area nozzle in place of the L.P. tur- 
bine, it was not difficult to run the compressor and 
H.P. turbine over a wide range of operating condi- 
tions, including full load, without the use of reduc- 
tion gear or dynamometer. This facility has been 
of the utmost value; the G.6 turbine is being manu- 
factured in Britain by several shipbuilders as well 
as by the author’s company, and the expense of 
several sets of power-measuring equipment could 
not be considered. But, by running with a nozzle in 
place of the L.P. turbine, the gas generator portion 
of each machine can be given a mechanical run to 
full load, and sufficient test readings can be ob- 
tained to enable reasonable predictions of its per- 
formance to be made, by direct comparison with the 
prototype machine, tested both with a nozzle and 
with a dynamometer. No major design modification 
has been found to be necessary as a result of the 
experimental testing, although a great many minor 
improvements have resulted from the running. 

The compressor was rig-tested in three slightly 
different builds, before running the gas turbine. The 
characteristics of the three builds were closely simi- 
lar. The surge pressure ratio of the compressor ac- 
tually used, at medium and high speeds, was sur- 
prisingly high. One machine was built with an 11- 
stage compressor instead of the standard 13-stage. 
The overall performance was not much different, 
but the 11-stage engine proved difficult to start par- 
ticularly when hot, without the use of compressor 
bleed, which was not required in the 13-stage build. 
No major vibrational stresses were recorded apart 
from those associated with rotating stall; these oc- 
curred at compressor speeds below 5000 rpm, and 
the robust proportions adopted for the blading 
(largely on this account) were sufficient to limit 
the stresses to very moderate values. 

The mechanical construction of the compressor 
rotor, with discs separated at the periphery by in- 
terstage rings, was such that a fixed blade tip rub 
automatically made itself worse by reason of local 
expansion of the rubbed (and heated) portion of 
the ring; and one such rub was experienced in early 
testing. The short-term solution was adopted, of in- 
creasing the compressor blading tip clearances; 
some price is undoubtedly paid in compressor effi- 
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ciency, but reliability was put before fuel economy. 

The initial design of combustion chamber, while 
allowing satisfactory operation up to full load, was 
unsatisfactory in that the exhaust was smoky, a 
most undesirable situation in a naval ship. A good 
deal of experimental development was carried out, 
in collaboration with the National Gas Turbine 
Establishment, involving the rig operation of an 
experimental chamber at full load, and, by changes 
to the airflow conditions in the chamber, the smoky 
exhaust was eliminated. 

Lubrication of the starting motors is by means of 
oil carried in with the air supply, and shortage of 
oil leads to excessive piston wear. In the final sys- 
tem, “pre-wetting” of the motors is employed for an 
instant before the application of full air pressure, so 
that the motors always start in the “wetted” con- 
dition. 

The requirement for an airtight gas turbine gave 
considerable trouble; no glands leaking to atmos- 
phere were used, and bearing space vents were 
piped outside the gas turbine. At first a good deal 
of oil escaped with vented air, and considerable de- 
velopment running was necessary before a system 
was evolved which did not consume an unaccept- 
able quantity of oil, and which did not cause trou- 
ble in other ways. In this scheme, most of the clean 
air vents (from compressor gland leaks, etc.) are 
piped direct to the turbine exhaust, while air con- 
taining oil vapor is led to a separate vent tank, 
which is piped to atmosphere outside the engine 
room. 

One of the desirable features of a boost naval gas 
turbine is its facility for rapid starting and loading. 
The starter motors of the G.6 are in engagement for 
only about 20 seconds during a normal start, and 
full power has been achieved from a cold machine 
in 3% minutes. Some temperature variations asso- 
ciated with rapid starting are shown in figure 1 
which depicts temperatures of cylinder casing and 
liners of the H.P. turbine during a start. The inter- 
esting feature is the relatively slow heating rate of 
the casing itself, even though the liners, which are 
subjected to the full gas temperature, heat very 
quickly. 

Provision is made for removing salt deposits in 
the compressor by washing with distilled water. 
sprayed into the intake at about 2/3 full speed; this 
method has been used on previous naval machines. 
This method of restoring full power is completely 
successful only when the deposit on the compressor 
blades is water-soluble, such as the salt deposited 
after operation in clean sea air. Test running in a 
heavily industrialized locality where, in spite of air 
filters, a black oily deposit adheres to the compres- 
sor blading has shown that spray washing with vari- 
ous mixtures of water and detergents will not main- 
tain full power unless carried out daily. 

The test results of the G.6 turbine are shown in 
figures 2 and 3. These figures are corrected to 
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59°F., 14.7 psia, and are also corrected to the speci- 
fied full power ducting losses (0.35 psi, plus a meas- 
ured silencer loss of 0.4 psi at inlet, and 0.30 psi at 
exhaust). It will be seen that the originally quoted 
figure for specific fuel consumption at full power 
(0.71 Ib/shp-hr) has not quite been met (test fig- 
ure is 0.77 lb/shp-hr). Work is in hand towards 
effecting a recovery of this short-fall, but is at pres- 
ent second in priority; the major development effort 
is, quite correctly, to ensure the reliability and 
readiness for use of the gas turbine, rather than to 
obtain the last ounce of efficiency from it. 


FUTURE DEVELOPMENT 


There are better creep-resisting blade alloys in 
existence today than in the days when the G.6 ma- 
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Figure 1. Relative heating rates of turbine casing and liner 
during normal start. 
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Figure 3. (A) Specific fuel consumption (Test-bed results 
corrected to allow for the specified shipboard ducting 
losses). (B) Specific fuel consumption with ducting losses 
of 4 in. water at inlet and 6 in. water at exhaust. 


chine was first designed. This obviously allows for 
some benefit to be obtained by a change in alloy; 
but it is not considered prudent at this stage to in- 
crease the turbine inlet temperature above about 
1520°F. 

Experience in an earlier naval machine (G.2) 
had shown that damage was caused to the turbine 
blading after operation in very rough weather (in- 
tended to demonstrate the sea-keeping qualities of 
the vessel), due to chemical attack by a mixture of 
sodium chloride and sodium sulphate (formed in 
the combustion chamber from the ingested salt and 
the sulphur in the fuel). Laboratory investigations 
showed that this attack occurred catastrophically at 
temperatures above about 1560°F. 

Bearing this prudent figure of 1520°F. in mind, 
the main improvement made possible by the use of 
the newer alloys is in blading life. The original spe- 
cification was for 1000 hours life at full load; the 
materials chosen were such that this could be 
achieved comfortably so that if deterioration of per- 
formance occurred in service because of compressor 
fouling or any other reason, the specified output 
could still be achieved. The newer materials make 
possible a blading life of at least 10,000 hours at full 
load, with the same facility for maintaining output 
in service. For an ambient air temperature of 59°F., 
and a turbine inlet temperature of 1520°F., the out- 
put at the propeller shaft would be 8500 H.P. (or, 
at turbine coupling, 9100 H.P.). 

Operation of the G.6 gas turbine on land now to- 
tals over 1400 hours, of which about one-third have 
been at or near full load. The first frigate goes to sea 
early in 1961, and the first destroyer later that year. 
Seagoing experience will undoubtedly reveal the 
possibilities of further improvements to the gas tur- 
bine design, and the operation of the plant at sea 
is awaited with great interest. 
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Solar marine gas turbine engines provide 





compact horsepower, light weight, greater payloads 


Solar’s Saturn 1100 hp gas turbine is 
a true marine engine that provides a 
high level of performance with less 
weight and smaller space require- 
ments than conventional reciprocating 
diesel or gasoline engines. 

The Saturn engine is an ideal power- 
plant for any kind of craft over 50 ft 
long, including fishing, commercial, 
pleasure and work boats. It is currently 
scheduled for a variety of Navy and 
Coast Guard craft, including the 82 ft 
patrol boat shown above. 

Compared with conventional marine 
diesel engines of similar horsepower, 
the Solar Saturn turbine weighs one- 
tenth as much and occupies one-seventh 
as much space. 
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Solar gas turbines start instantly and 
accept full load without warmup in 
temperatures from below zero to 130 F 
Starting systems can be electric, pneu- 
matic or hydraulic. The engine will 
burn a variety of fuels, including diesel, 
gasoline, kerosene and jet fuels. 

Simplicity of design means that Solar 
marine gas turbine engines are easy and 
inexpensive to maintain. Vibration 
problems are eliminated. Heavy foun- 
dations or mountings are unnecessary. 

Solar marine gas turbines are 
designed for the long life, heavy duty 
requirements of marine and industrial 
applications. Every part is carefully 
engineeered to give economical service 
under the most rugged conditions. 


The versatile Solar Saturn marine 
gas turbine can be used as the sole 
power source for high performance 
boats, or can be combined with con- 
ventional engines to provide ultra-high 
performance for short periods. 

Solar gas turbines range from 50 to 
1100 hp. They are backed by over 15 
years experience in turbine research, 
technology and manufacture. For fur- 
ther information, write Dept. J-163, 
Solar, San Diego 12, California. 
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UNDERSTANDING AUTOMATIC 
COMBUSTION CONTROL 


THE AUTHOR 





After some nineteen years of naval service, fourteen as a Chief Boilermaker 
and Chief Boilerman aboard tenders, destroyers, aircraft carriers, and three 
years in engineering experimental work, I find myself rotired from the 
Navy, engaged as a service engineer with an automatic control company. My 
introduction to automatic combustion controls, ten years ago, was much the 
same as it is today for the average boiler operator. Only by refusal to accept 
a mechanical, pneumatic, electric or hydraulic “monster” that was doing my 
job as beyond my understanding, could I, or can anyone else, master auto- 
matic control systems, As a teacher, primarily, I have taken some liberties 
to maintain the desired simplicity in comparison in the article. The purpose 
is to get the operator to feel that controls can be understood and that exist- 
ing instructions, schematics and blueprints can enlighten him further in 
mastery of automatic combustion control. With a basis in the relationship 
between automatic control and manual control the average man with initia- 
tive and desire “to know” can “know” by applying himself to the task. 





Pvsnias COMBUSTION control with boilers has 
been with us for many years in the merchant ma- 
rine and in stationary power plants. In the last 
decade the navy has seen fit to adopt controls to aid 
operating personnel in doing their jobs more effi- 
ciently. 

Prior to the general acceptance of controls, man 
steamed boilers manually with understanding and 
complete confidence, knowing the functions neces- 
sary to maintain optimum boiler efficiency. Each 
man knew his job and its relation to the overall 
boiler operation. Suddenly these men are faced with 
automatic control. The majority lose their under- 


standing and confidence, because on the whole they 
are told automatic control is very complicated and 
besides, “it’s all automatic, so you don’t have to 
worry.” 

It is my contention that this routine approach has 
retarded the understanding of automatic controls 
and constitutes a dangerous situation for the men 
and the equipment concerned. 

There has to be, and there is, a definite relation- 
ship between manual operation and automatic 
operation of a boiler. 

First we take the existing factors involved, which 
heretofore boilermen were aware of. A steam pres- 
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sure gage is the primary element of the boiler’s 
operation. In order to maintain a desired pressure, 
a close watch is kept on the gage. Any deviation 
from the set pressure puts the operators into action. 
To maintain this set pressure, air fuel and water 
must be introduced to the boiler in a definite order 
and ratio. The man on the boiler feedwater valve 
maintains water flow, the man on the burners main- 
tains fuel flow, and the man on the forced draft 
blowers maintains air flow, with overall coordina- 
tion maintained by the man in charge of the watch. 


The components of an automatic control system 
can readily be compared to the same situation. A 
steam pressure transmitter is the steam pressure 
gage. The steam pressure controller is the man in 
charge of the watch and coordinates the fuel, air 
and water flow to the boiler to maintain the desired 
set steam pressure, The automatic fuel control valve 
is the burner man. The forced draft blower speed 
and damper control is the blower man. The auto- 
matic feed control valve is the feed check man. 


On direct manual, an increase in boiler load is 
indicated by a drop in steam pressure on the steam 
pressure gage. The top watch notes this change and 
puts the blower man into action to increase air flow, 
and in turn the burner man follows up with an in- 
crease in oil flow to bring the steam pressure back 
to normal. The feed check man is informed of the 
load change by the sound of firing rate increase and 
verbally, the degree of change. With this informa- 
tion he knows he will have an initial rise in water 
level due to “swell,” but he also knows that an in- 
crease in water flow is pending. Taking “swell” into 
account, he adjusts the feed valve as required to 
maintain proper water level. 


On automatic, the same chain of events takes 
place. An increase in load is sensed by the steam 
pressure transmitter and a signal is sent to the 
steam pressure controller. The controller becomes 
aware of the need for a firing rate increase, sending 
a signal to the air flow controls to increase blower 
speed and open dampers. The increase in air flow 
is the signal for the oil control valve to increase oil 
flow. As steam pressure returns to normal the 
steam pressure transmitter signals the controller 
and the controller settles out the air flow and oil 
flow controls at the new firing rate. 

The automatic feed control is aware of the in- 
crease in load by an increase in steam flow and is 
aware of the “swell” through its level sensing ele- 
ment. It takes “swell” into account but knows an 
increase in feed flow is in order and opens the feed 
valve as required to maintain proper water level. 

At this point, if the direct manual boiler operator 
can be aware of the fallacy of his introduction to 
automatic control, he can visualize the fact that the 
control system is doing his job, along with the jobs 
of his fellow watch standers, to maintain steam 
pressure with optimum efficiency. Accepting this 
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fact reduces much of the “complexity” of automatic 
control. 


The next “barrier” to understanding thrown in 
his path is terminology and nomenclature used in 
association with control, relative to its direct man- 
ual counterpart. Terminology is well on its way to 
standardization. Nomenclature, however, will tend 
to vary due to the desire for individuality of the 
various control companies. 

Standard terms such as set point, proportional 
band, reset action, rate action, feed back and dead 
band, with some reservations, can readily be com- 
pared to direct manual operation functions. 

In direct manual operation the experienced man 
maintains the desired steam pressure and knows, 
by the amount of steam pressure deviation, how 
much air, oil and water correction is needed to re- 
store the steam pressure to normal. He also knows 
the desirable length of time he has to make the 
changes, whether they are sufficient in magnitude, 
whether overfiring or underfiring his final settling 
point for a short period is desirable for best results, 
and whether his actions are effective. 

An experienced crew may take a steam pressure 
deviation of plus or minus 60 psi on a 1200 psi plant 
for major load changes. The steam pressure would 
go to 1260 psi before they would go to a minimum 
firing rate, and 1140 psi before they would go to a 
maximum firing rate. The desired steam pressure 
is the “set point.” The amount of deviation, plus or 
minus from set point required to drive the controls 
from minimum to maximum firing rate, is the “pro- 
portional band” and is expressed percentagewise. 
As in the case of the experienced crew, a span of 
120 psi relative to 1200 psi would be a provortional 
band of 10 per cent. 

For a definite amount of steam pressure change 
the direct manual operator and the automatic con- 
trol will make an immediate proportional change in 
firing rate, in a specific amount of time. However, 
if this initial change in either mode of operation, 
direct manual or automatic, does not restore steam 
pressure to set point, both modes will repeat the 
firing rate change until the steam pressure does re- 
turn to set point. This is “reset action” and is nor- 
mally expressed in repeats per minute. 

Accelerating or decelerating firing rate response 
is done direct manually by overfiring or underfiring 
the final settling point, primarily for a period of 
time, and cancelling the tendency out as you ap- 
proach set point. This action is introduced into the 
automatic system by a “rate action” device which 
overfires or underfires as is dictated, for a period 
of time, and cancels out as it approaches set point. 

The direct manual operator. by observation of 
blower speed, manometer indicator and oil pressure, 
can tell if his actions are effecting the desired re- 
sults. The automatic control derives this same in- 
formation by a “feed back” signal from controlling 
components. 
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Dependent on the effectiveness of a direct manual 
crew and/or the automatic control system, the 
amount of ineffective action or lack of action, when 
action is in order, is “dead band” and is expressed 
timewise. It is the time lapse involved in any 
change, before effective corrective measures are 
taken. In either direct manual or automatic opera- 
tion “dead band” is undesirable and is minimized. 

The nomenclature used in automatic control com- 
ponents includes transmitter, controller, relay, se- 
lector station, positioner, and control drives or 
actuators. 

Transmitters, as the name implies, send informa- 
tion relative to the existing state of steam pres- 
sure, steam temperature, steam flow, water level 
and flow, oil flow, oil pressure, and air flow. As the 
direct manual operator can watch and interpret the 
information from pressure gages, thermometers, 
gage glasses, manometers and the size and number 
of burners in use, the transmitters in an automatic 
system measure and interpret into relative signals 
the same information. Static pressure transmitters 
are similar to pressure gages. Flow measuring 
transmitters measure differential pressures and 
send proportional signals as to existing flow much 
as the burner man on direct manual can transpose 
the information of number and size of burners in 
use against the oil pressure before and after his 
micrometer, or oil control valve into gallons per 
hour, or as the experienced watchstander can tell 
by the pressure drop from steam drum to super- 
heater outlet, the relative steam flow in pounds per 
hour. 

Controllers take the signals from transmitters, as 
the man takes the information from gages, and 
transposes it into the required form of action. If 
steam pressure goes down, the man and controller 
act to increase firing rate. If water level goes down, 
the man and controller act to increase feed water 
flow. 

The voice, eyes and ears of the direct manual 
operator are important in relaying information as 
to action needed coincident to the situation at hand. 
The varied types of relays of an automatic system 
are designed to perform these functions. As a vocal 
replacement, the relay may just repeat or introduce 
a volume boost to the signal. As a replacement for 
eyes the relay, as the man, can evaluate com- 
pounded information and send the appropriate sig- 
nal for action. 

Selector stations are introduced to enable the 
operator to have control to a varied degree of auto- 
matic, remote manual or direct manual operation. 
The selector station allows the signal from the vre- 
ceding component to pass through to the next com- 
ponent on “auto” or dead ends it on “hand,” allow- 
ing the operator to set up the signal, remote manu- 
ally to the next component. It also enables him on 


“hand” to unload all of the signal and take direct 
manual control of the final controlled elements. 


Positioners are devices designed to cause a con- 
trol drive or actuator to take a definite position for 
each input signal change within the range of the 
power available, without regard to varying outside 
forces of friction or binding. Much as the force 
needed to initially open a valve by hand is greater 
than the force required to open it through the re- 
mainder of its travel, the man and the positioner 
avail as much force as is required to put the valve 
in the position dictated . 

The final controlled elements, forced draft blow- 
ers, oil valves and feed valve. are positioned by 
signals to control drives or actuators. The construc- 
tion of control drives or actuators is such as to pro- 
vide enough power to actuate the forced draft 
blower throttle, move the dampers, position the oil 
valve and feed control valve, as the input signal 
dictates. 


Trouble shooting automatic control is a case of 
reasoning out “what is happening” as to “what 
should be happening.” Noting the what is and what 
should be points to the factors involved, and by 
isolation procedures the cause can be pinpointed. 
As in direct manual on a steady boiler load condi- 
tion, it does happen that the feed check man and 
burner man lose coordination and, though the load 
is steady, steam pressure will vary due to the check 
man’s manipulation of the feed check; in turn the 
burner man’s actions will introduce a cycling effect 
when steam pressure should be steady. A similar 
cycle can be introduced in automatic for the same 
reason. 


The man remains important to boiler operation 
even in automatic. The control does not daydream 
and remains consistent from watch to watch. How- 
ever, the man’s ability to think and reason still 
overshadows the control. Though he may not be 
as fast as the control, he must understand it to the 
extent of knowing when something is wrong and 
what to do about it. In direct manual or in auto- 
matic, when men or the control devices are doing 
their job properly, “Mickey Mouse” could be in 
charge of the watch. But when malfunction is intro- 
duced by man or controlling devices, the intelli- 
gence of the key watch standers determines 
whether confusion will reign or proper procedure 
will be taken, through knowledge and experience, 
to eliminate or minimize possible casualties to 
equipment or personnel. 

Men in supervisory capacities should encourage 
and feed information to subordinates relative to 
automatic control. With developed initiative and as- 
sistance from those who know, the average man can 
become competent in understanding and handling 
automatic control systems. With knowledge and 
understanding the statement “Controls are no 
good” will fade into oblivion. 
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The C-E V2M Vertical Superheater Boiler 
offers maximum protection against 
slagging by eliminating slag-col- 
lecting, horizontal tubes. Parallel 
superheater tubes and generating 
tubes provide more effective soot- 
blowing. Fewer manual cleanings 
reduce maintenance costs. Since 
vertical superheater tubes perm‘t 
supports to be outside of the gas 
pass, the expensive maintenance 
associated with any type of fire- 
side support is eliminated. For 
inspections and routine mainte- 
nance, excellent accessibility is 
provided throughout the boiler. 
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INTRODUCTION 
The Reasons for Fitting Spill Burning Systems 


‘te OBJECTIVES in the case of H.M.S. Tiger were 
that the boilers should be capable of remote opera- 
tion over the whole range from main steaming 
stand-by condition to full power. It was thought 
that a spill burning system, combined with the Ad- 
miralty Suspended Flame Wide Range Register, 
could enable the necessary turn-down to be 
achieved and that, with little additional complica- 
tion, fully automatic control could be provided. It 
is important to note here that the proportion of time 
spent maneuvering in a naval vessel is considerably 
higher than in the average merchant vessel and that 
the rates of maneuvering are frequently higher. 


The Basic Spill System 


Figure 1 shows the type of spill atomizer fitted 
in H.M.S. Tiger. Oil enters through the outer tube 
in the burner body A and passes through the feed- 
plate holes B. It then enters the swirl chamber C 
via the tangential slots D in the swirl plate. Some of 
the oil is then sprayed into the furnace via the final 
orifice E, the remainder passing through the helical 
slots F in the pintel and away through the central 
hole G in the burner body. The quantity of oil 
spilled through G depends upon the opening of the 
spill control valve, which is fitted downstream of G. 


The Fuel System in H.M.S. “Tiger” 


The complete fuel system of H.M.S. Tiger is 
shown diagrammatically in Figure 2 and consists of 
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Figure 2. H.M.S. Tiger Fuel System. 


two, two-stage pumps, each of which is capable of 
supplying either or both boilers at full power 
through common heaters and filters. One pump is 
run at a time, the other normally being left in a 
stand-by state. Arrangements are fitted for the re- 
mote operation of the pump turbine stop valves, so 
that the stand-by pump may be started in the event 
of a defect in the other. The two boilers are nor- 
mally operated as one, as are the two spill valves, 
which can be ganged together. 


The Original Control System in H.M.S. “Tiger” 


The pneumatically-operated combustion-control 
system originally fitted in H.M.S. Tiger was very 
simple and consisted basically of programmed 
blower control and spill-valve openings giving the 
required air/fuel ratio at any boiler output. The 
operating signal to the blower control and spill 
valves was taken either from the steam-pressure 
controller or from a servo/manual control. The two 
blowers were operated by separate sequential 
nozzle control valves, positioned simultaneously by 
a common air motor. The programming of blower 
control and spill-valve openings was intended to be 
achieved by profiling cams in the positioners of the 
two valve operators concerned. Automatic control 
of fuel temperature was also fitted. Boiler-feed 
regulation was by a conventional single-element 
level control actuated by feed pressure. 
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SEA TRIALS IN H.M.S. Tiger 


Trials under Steady Steaming Conditions 


The boilers were steamed at selected different 
powers and sets of readings taken of the data re- 
lating to fuel and air requirements. This was done 
partly to prove the combustion satisfactory over the 
whole range and partly to obtain the information 
necessary to repeat these readings automatically. 
The fuel-temperature control was satisfactory from 
the first and was left in “automatic.” The dotted 
lines in Figure 3 show the results obtained in terms 
of register draft loss, and it will be seen that the 
clear funnel range at low boiler outputs was ex- 
tremely narrow. This was due to the use of fixed 
area registers, resulting in very low air velocities 
at low fixed rates with attendant loss of flame sta- 
bility. 

The air/fuel ratio relay was now adjusted to give 
the required register draft losses at minimum and 
maximum spill-valve positions. Due to the unsatis- 
factory characteristics of the blower nozzle control 
valves, it was found that the slight mechanical back- 
lash existing in the valves was sufficient to cause a 
large hysteresis effect in blower r.p.m. and hence air 
flow. The effect of this upon register draft loss, 
which is a function of airflow per register, is shown 
in full line in Figure 3. It was obvious, therefore, 
that it would prove impossible to keep the funnel 
clear when operating at low boiler powers in auto- 
matic control. This is, of course, no reflection upon 
the valves, but merely illustrates the danger of the 
use of valves not specifically designed for automatic 
control. 
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Figure 3. H.M.S. Tiger Register Draft Loss in Automatic 
Control. 
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Another equally disturbing effect of the backlash 
was mis-matching of the speeds of the two blowers 
for a given valve operator position. This, from time 
to time, caused one or other of the blowers to re- 
duce speed to the extent that a dangerously low 
lubricating-oil pressure occurred. Adjustment of the 
low speed stop on the valve positioner to cure this 
either resulted in a too-high or too-low minimum 
speed. 


Divergence from the Designed Supply/Spill 
Pressure Relationship 


Early in the sea trials, several limitations of the 
system were found. The worst of these was that 
large departures from the designed burned flow 
characteristic were taking place in the following 
circumstances: 

(a) A change in the number of burners in use 
without attendant change in pump speed. 

(b) A change in pump speed without an appro- 
priate change in the number of pumps or burners 
in use. 

(c) A change in the number of pumps in use per 
boiler, e.g., when changing over pumps or boilers. 

(d) A change in pump condition, e.g., due to 
wear or leakage through a relief valve. 

(e) External leakage, e.g., through a recirculat- 
ing valve.’ 

(f) Change of fuel temperature, which changed 
the fuel viscosity and hence the internal leakage 
rate of the pump. 

As a result of these departures, it was not certain 
at any time whether the maximum or minimum de- 
signed fuel rate would be available without the 
necessity for manual adjustment. It was concluded, 
therefore, that it was operationally undesirable to 
rely upon the pump characteristic at constant speed 
to maintain the burners on their designed charac- 
teristic. 


Dynamic Response Trials 


Although there were obviously defects in the sys- 
tem, trials were continued to obtain information 
regarding its dynamic characteristics. It was soon 
found that the rate of response of airflow was not 
fast enough to match the rate of fuel change when 
maneuvering rapidly. While it was appreciated that 
the open loop system used for controlling the air 
would not give the fastest possible response, it was 
obvious that there were other factors involved. For 
instance, it was noticed that the fuel-pump speed 
was departing considerably from its desired value 
during load changes. It was therefore decided to fit 
continuous pen recorders to investigate the per- 
formance of both the pumps and blowers more 
fully. 

A series of records was taken, using in each case 
the same load change, making an adjustment to one 
of the variables in the control system between each 
run. In this way, optimum settings were quickly 
found for variables such as proportional band and 


integral action time of the steam-pressure control- 
ler. With these optimum settings applied, the load 
changes were increased with the object of proving 
that the ship could carry out, in full automatic con- 
trol with a clear funnel, the most severe engine 
movements which might normally be expected. As 
the severity of the load change was increased, it 
became obvious from the pen records that the 
blower r.p.m., which initially started to increase in 
step with the fuel flow, hesitated and sometimes 
decreased sharply during the load increase. Due 
presumably to damping of the instruments, this de- 
crease could not be detected in the blower tacho- 
meters. The fall was originally thought to be due to 
mechanical backlash in the blower control valves, 
but it eventually became clear that it was associated 
with a rise in the auxiliary exhaust pressure. This 
rise was occurring due to the rapid reduction in 
feeding rate of the boiler caused by the violent rise 
in burned fuel rate which was taking place early in 
the load change. When the back-pressure on the 
blower turbines rose, their available heat drops fell 
and the blowers slowed down. While nothing could 
be done immediately to prevent this exhaust pres- 
sure rise, which was accentuated by the condenser 
dump valves being unable to cope with the extra 
exhaust steam, it was appreciated that changing the 
steam-pressure controller sensing point from the 
superheater outlet to the steam drum might im- 
prove the situation by making the load change less 
rapid. On the main-engine throttles being opened, 
the pressure at superheater outlet was instantane- 
ously reduced owing to the suddenly increased 
pressure drop across the superheater. Thus abrupt 
and, in fact, almost step action was taken by the 
steam-pressure controller to increase the fuel flow 
to the boiler. 


FURTHER TRIALS AND DEVELOPMENT ASHORE 


Description of the Admiralty Fuel Experimental 
Station Test Boiler 

The boiler is a modern frigate design of the two- 
drum type, with superheat temperature controllable 
by means of dampers, which can restrict or augment 
the gas flow over the superheater. Registers of the 
Admiralty Suspended Flame type are fitted. The 
pneumatic-control system originally fitted to this 
boiler was similar to that of H.M.S. Tiger, although 
supplied by another manufacturer. It differed, how- 
ever, in that closed-loop blower control was fitted, 
with register draft loss being used to meter the air, 
and the feed regulator was of the three-element 
pneumatic type. The automatic control of superheat 
was by pneumatic operation of the dampers. In or- 
der to program the air and fuel flow, a measure- 
ment of burned fuel flow was required. Since direct 
measurement of this quantity is not easily achieved 
in a spill system, the total and spilled flows were 
measured in flowmeters and were subtracted to 
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give burned flow. This entailed the subtraction of 
one large quantity from another of the same order 
of magnitude and errors inevitably would have re- 
sulted; these would have been greatest when the 
burned flow was least and hence the air/fuel ratio 
most critical. 


Development of the T.B.S. Spill-control System 


Until this time, three methods of spill control 
were common: 

(a) Constant-speed pump, as in H.MS. Tiger. 

(b) Constant-supply pressure. 

(c) Constant-supply/spill pressure differential. 

For the wide range systems in H.M. ships, both 
the latter two methods were impossible. With the 
atomizers then available, constant differential could 
not give the required turn-down inside a reasonable 
pressure range, while the constant-supply pressure 
system would have required enormous pumps to 
deliver the large quantities involved in producing 
low burned flows. 

The constant-speed pump had also proved unsat- 
isfactory and a new method of spill control was 
therefore needed. 

Ideally, this was required to be independent of 
the number of burners in use per pump in order 
that pumps or boilers could be run parallel when 
changing over, without manual adjustments to the 
pump speed being necessary. Furthermore, devia- 
tions from the chosen burned flow characteristic 
were required to be small, in order that the correct 
air/fuel ratio could be maintained. 

To be independent of the number of burners in 
use, it is evident that whatever quantities relating 
to the fuel are programmed, these must be common 
to both pump and burner on the supply side and 
burner and spill valve on the spill side. The only 
alternative is a complicated system of dividing 
measured and programmed quantities by the num- 
ber of burners in use. The obvious choice is to 
match the supply and spill pressures, and investiga- 
tion of not only those fitted in H.MLS. Tiger but also 
other atomizers revealed that it would be possible 
to use a straight-line relationship between supply 
and spill pressures, the slope of this line varying 
according to atomizer size and the turn-down re- 
quired. The suitable straight line for H.M.S. Tiger 
is shown in Figure 4. To achieve this required re- 
lationship, a control system known as T.B.S. was 
devised, and was tested at the Admiralty Fuel Ex- 
perimental Station, Haslar. The letters T.B.S. mere- 
ly stand for the names of the inventors. 


Description of the T.B.S. Spill-control System 


The T.B.S. spill-control system (Figure 5) con- 
sists of two separate pressure-control loops, one for 
the supply pressure and one for the spill, each loop 
being fed with the same desired value servo-air 
signal. The supply pressure is governed by its con- 
troller which positions the F.F.O. pump turbine 
steam valve, so that the output from the supply 
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Figure 4. Designed Supply/Spill-pressure Relationship for 
TBS. 


pressure transmitter equals the incoming servo sig- 
nal. Similarly, the spill pressure is governed by its 
controller, which positions the spill valve so that 
the output from the spill-pressure transmitter 
equals the same incoming servo signal. Referring 
now to Figure 4, it will be seen that if the incom- 
ing servo signal is, for example, 15 psi, the supply 
pressure will control at 550 psi, while the spill pres- 
sure controls at 435 psi. 

Load-limiting relays are fitted, which prevent the 
incoming servo signal to the two controllers from 
exceeding 27 psi or falling below 3 psi. This limits 
the maximum and minimum controlled pressures 
and, hence, burned flows. 


The incoming signal to the two controllers may 
either be manually controlled by means of a pres- 
sure-reducing valve or be taken from the steam- 
pressure controller output, when the boiler will be 
in fully automatic control. 

The practical advantages of T.B.S. over the origi- 
nal Tiger system are: 

(1) The burners remain on their desired charac- 
teristic during boiler load changes, thus easing the 
problem of matching the fuel to the air. 

(2) Changing the number of burners in use has 
no effect upon the output of the others, since the 
supply and spill pressures are unchanged. 

(3) Pump speed is automatically selected for any 
given boiler power and is automatically compen- 
sated for internal or external pump leakage, ex- 
haust-steam pressure changes, fuel viscosity, etc. 

(4) Output limiting stops are possible. 

(5) A pneumatic signal is now available which 
is roughly linear with burned flow per register. 
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Figure 5. T.B.S. Spill-control System. 
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Figure 6. Water-level/Steam-flow Relationship for a Boil- 
er Containing Constant Water Weight. 


FEED REGULATION 


Development of the “Absolute” Boiler Feed 
Regulator 


Referring to Figure 6, it will be seen that, if a 
constant weight of water is maintained in the boiler, 
the apparent water level must rise with increase of 
load due to the decrease in density of the steam/wa- 
ter mixture. Conversely, if the water level is held 
constant, as with a conventional single-element 
regulator, there must be a reduction in the weight 
of water in the boiler with increase of load. With 
self-acting regulators of the single-element type, a 
further reduction in the weight of water occurs due 
to the proportional action of the regulator. Referring 
to Figure 7, it will be seen that the shaded area A 
minus shaded area B represents the reduction in the 
weight of water in the boiler which occurs on in- 
crease of load. If the feed regulator were, by some 
means, made to maintain a constant weight of water 
in the boiler, it follows that feed flow must keep in 
step with steam flow, as shown in Figure 8. 

Consider the imaginary case of an instantaneous 
change in steam flow from C to D on Figure 6, even 
though the water-level regulator may shut the feed 
valve instantaneously, the weight of water in the 
boiler after the change in steam flow must equal the 
weight before the change. Hence, the water level 











A t 
wa /eve/ 
Steam flow Por 
7 
‘A Yj flow 
Time —> 


Figure 7. Performance of Single-element Feed Regulator. 
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Figure 8. Performance of Constant Water-weight Regulator. 


must rise by XY. While, in practice, changes in 
steam flow cannot occur instantaneously, it also 
takes a positive time for the change in the weight of 
water to take place, particularly on an increase of 
power, where the most that the regulator can do is 
to shut the feed valve. A transient rise in level ap- 
proximately equal to XY must therefore occur on a 
rapid increase from C to D, whatever type of feed 
regulator is fitted. 

Consideration of the above led to the suggestion 
that if a boiler can accept a transient rise in level 
on sudden increase of power, it should be able to 
accept this as a programmed level when steady 
steaming. This could be achieved by a feed regula- 
tor sensing water weight rather than apparent level. 
With such a feed regulator, feed flow should in all 
circumstances keep in step with steam flow, as 
shown in Figure 8. 

Figure 9 shows diagrammatically the arrange- 
ment of the “absolute” feed-water regulator on the 
test boiler at A.F.E.S. Differential pressure trans- 
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Figure 9. “Absolute” Feed Regulator. 


mitter A measures the static head of water in the 
boiler and transmits a pneumatic signal proportional 
to this static head to controller B. Pressure-reduc- 
ing valve E transmits a preset signal linear with the 
desired value of static head to controller B. It can 
be shown that this static head of water is a function 
of the weight of water in the boiler. Controller B 
transmits a pneumatic signal to valve positioner C, 
and regulates the opening of feed valve D, accord- 
ing to the error between the measured and desired 
values of static head in the boiler. The proportional 
band of controller B is readily adjustable and in- 
tegral action can be introduced, if required. Servo 
manual control of feed-valve position is provided by 
pressure-reducing valve F and selector valve G. 

Initial trials showed that, when the static head 
was maintained constant by introducing integral 
action in the controller, the rise in apparent level 
which occurred on increase of load could not be ac- 
cepted in the A.F.E.S. test boiler. The remaining 
trials were therefore conducted using proportional 
action only in the controller. The static head was 
therefore maintained lower at high boiler outputs 
than at no load, by an amount corresponding to the 
proportional action of the controller. Various pro- 
portional action settings were tried. 


DEVELOPMENT OF AN IMPROVED STEAM-PRESSURE 
CONTROL 


The various developments had effected such an 
improvement in the maneuverability of the boiler 
as a whole that it was now possible to consider 
whether an even closer control of steam pressure 
could be achieved. In H.M.S. Tiger, the steam-pres- 
sure sensing point was moved from the superheater 
outlet to the steam drum, because neither the 
blower control, the spill burner control nor the 
water-level control was adequate to keep in step 
with the demands of the steam-pressure controller. 
With these difficulties overcome, it was decided to 
try once again controlling steam pressure at the 
superheater outlet. 

Controlling at superheater outlet has the advan- 
tage that an instantaneous response is obtained due 
to the suddenly changed pressure drop through the 
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superheater, whereas with drum sensing, the re- 
sponse is a function of time and of the heat stored 
in the boiler. The disadvantage is that if the pres- 
sure at the superheater outlet is maintained con- 
stant, the pressure in the steam drum must rise with 
load. 

It was therefore decided to test a proportional- 
only system, in which the transmitter output is led 
direct to the fuel-flow control system T.B.S. and the 
calibration of the transmitter is arranged to give the 
superheater-outlet pressure characteristic shown in 
Figure 10. The resultant steam drum pressure for 
the A.F.E.S. test boiler is also shown in Figure 10, 
and it will be seen that the maximum steam drum 
pressure drop is 12% psi. 

This type of steam pressure control has two ad- 
vantages, viz.: 

(a) Simplicity. 

(b) Steady conditions are achieved almost im- 
mediately the change in steam flow is complete. 

Both these advantages are extremely important 
in naval boiler installations and the initial trials of 
this system are promising. 


APPLICITION OF THE LESSONS LEARNED TO THE DESIGN 
OF A NEW CONTROL SYSTEM 


Lack of Design Information 


Inevitably, the design of a control system must 
proceed concurrently with the design of the plant if 
a properly integrated whole is to be achieved. The 
control-system design must, therefore, be based on 
past experience of similar plant performance rather 
than a full knowledge of all the component charac- 
teristics, since these are also in the design stage. 
Furthermore, one must accept that the control sys- 
tem may influence the design of the plant. It may 
be true to say that any system can be controlled, 
but heavy penalties in performance and control- 
system complexity will frequently result if this 
policy is adopted. 

Fortunately, because of the versatility and wide 
ranges of adjustment of the many excellent pneu- 
matic instruments commercially available, the lack 
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Figure 10. Performance of Proportional Steam-pressure 
Control. 
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of knowledge which would permit controller set- 
tings to be computed is seldom an embarrassment. 


Selection of Controlled Variables 


In the early stages of the design, it is essential to 
give very careful consideration to which of the 
many plant variables must be controlled, and to the 
exact means by which they may be controlled. It 
is, for example, seldom acceptable to program a 
valve position in order to achieve a desired pres- 
sure, since the pressure is a function of not only 
valve position, but also pressure at valve inlet and 
fluid viscosity. It is preferable to measure the actual 
value of the controlled variable and to feed this 
back to the controller, which will continue to adjust 
the valve position while there remains an error be- 
tween desired and actual values of the controlled 
variable. Thus, in the case of an automatic combus- 
tion system, it is preferable to program air and fuel 
flow per register, which are the two variables pri- 
marily deciding the quality of combustion, rather 
than blower steam and spill-valve positions. Simi- 
larly, to achieve optimum plant performance, it is 
essential that all variables, which have a significant 
effect upon plant performance, are controlled in 
such a way that there is no undesirable reaction 
upon other system components. 


Stability 

When the development of the fully automatic in- 
stallation was in its early stages, it was thought that 
instability and interaction between the various con- 
trol systems might be major problems, and that a 
fundamental investigation of plant characteristics 
would be essential to the development of an inher- 
ently stable boiler control. In fact, few stability 
problems have been encountered, and none of them 
has required more than simple, on the spot, investi- 


gation and deduction to solve them. In many cases 
it has been found unnecessary and even undesirable 
to tune loops as tightly as possible. 

Care is, however, necessary in the design stage 
in matters of detail. 


Control Valves 


Automatic control systems demand valves spe- 
cifically designed for control. The use of sequential 
nozzle valves, for example, for controlling a steam 
turbine cannot give the smooth and consistent re- 
sponse of a single control valve, which can be flow 
characterized. 

Similarly, it is seldom acceptable to adapt for 
automatic control a valve originally designed for 
manual operation. 


CONCLUSIONS 


The problems encountered in the initial sea trials 
of H.M.S. Tiger have been described in some detail 
in order to provide a background for the explana- 
tion of the ensuing developments. In reading of 
these difficulties, it must be remembered that this 
was the first fully-automatic wide-range boiler in- 
stallation at sea in one of H.M. ships, and initial 
troubles were, therefore, to be expected. 

The developments made possible by these initial 
trials have produced an extremely flexible boiler 
plant, it now being possible to increase from stand- 
by load to full power and achieve the new steady 
conditions within a period of a few seconds, without 
hazard to the boiler and with the boiler-room unat- 
tended. 

Further development needs to be directed towards 
simplification, thereby making the controls even 
more reliable and more readily understood by their 
operators. The authors consider that a fully-auto- 
matic wide-range system using simple, self-acting 
controls is by no means impossible. 
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This 14-foot bull gear is part of a De Laval main 
propulsion unit for a new merchant ship. To meet 
De Laval precision requirements, the more than 
odbe L AVAL 500 teeth around its circumference must be spaced 
to tolerances better than the industry standard of 
.0002 in. Gears are hobbed in special air-conditioned 
engineered rooms with complete temperature regulation. 
These and other painstaking manufacturing methods, 
together with the most exacting quality control 
as os procedures, stand behind the engineered 
provides vital “muscles dependability that has made De Laval a leading 


merchant marine and naval supplier. 


dependability 


for American You can count on the same precise De Laval 
manufacturing standards . . . the same engineered 
shipping dependability . . . on all the products De Laval 


supplies to industry. 
De Laval Steam Turbine Company, Trenton 2, N. J. 
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INTRODUCTION 


aw INTERNATIONAL CONFERENCE on Gearing held 
in London by the Institution of Mechanical Engi- 
neers in 1958, focused attention on developments 
affecting all aspects of gearing design, manufacture 
and lubrication, over a wide range of applications. 
It was, however, in the marine gearing field that 
some of the most significant advances in gear de- 
sign and load-carrying capacity were reported [1, 2] 
and this was primarily the result of extensive devel- 
opment and test programs initiated by the Admiral- 
ty over the previous decade. Substantial advance- 
ments in naval propulsion machinery demanded 
increases in main reduction gearing load-carrying 
capacity which were clearly unobtainable with 
hobbed and shaved or soft gearing. While the high 
load-carrying capacity provided by case-hardened 
and ground gearing was well known in the general 


engineering field, very little experience was avail- 
able even after World War II regarding its applica- 
tion in high power marine machinery installations. 
Admiralty sponsored gear investigation, develop- 
ment and test programs have since done much to 
determine many of the design and manufacturing 
limitations [3, 4] of case-hardened and ground 
gearing. 

The Royal Canadian Navy has been privileged to 
benefit considerably from the gearing work under- 
taken by the Admiralty and has in consequence 
been able to install hardened and ground main re- 
duction gearing in each of its fourteen 30,000 s.h.p. 
St. Laurent Class destroyer escorts now in commis- 
sion. Experience with these gear units has been 
unique in that they are believed to have the highest 
rated tooth loadings of any main turbine reduction 
gearing in service, and are also the first large ma- 
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rine gears to be fully carburized and hardened. The 
most outstanding aspect of this program, however, 
is that eleven of the shipsets of gearing were manu- 
factured in a newly established Crown-owned gear 
plant in Canada, thus bringing the Royal Canadian 
Navy into closer touch with the problems of manu- 
facture than most marine gearing customers either 
experience or desire. 

The scope of this paper will therefore be to re- 
view the considerations affecting the choice of 
hardened and ground main gearing and to present 
those aspects of manufacture, testing and service 
experience which may permit a more rational as- 
sessment of the general mercantile application of 
this type of gearing. 


CONSIDERATIONS INFLUENCING THE CHOICE OF 
HARDENED AND GROUND GEARING 

The requirement for maximum reliability at mini- 
mum cost applies equally well to all items of naval 
and mercantile machinery alike. Apart from the 
considerations of bearing design and lubrication, 
which it is not proposed to cover in this paper, main 
gearing reliability is largely determined by the mar- 
gin provided by the gear tooth design with respect 
to: 

a) bending strength—resistance to fracture 

b) surface loading—resistance to pitting 

c) heat dissipation—resistance to scuffing 
Cost is determined by the manufacturing implica- 
tions of the design requirements and the availability 
of the necessary production facilities. 

For most naval gearing installations, and particu- 
larly in classes of the St. Laurent type, minimum 
weight and space is considered to be a requirement 
which is surpassed in importance only by that of 
reliability. Unlike mercantile practice, naval gear- 
ing is operated at its maximum rated power for only 
a small percentage of its total life and may well be 
operated at as low as 10 per cent power for over 80 
per cent of its life. It is therefore possible to permit 
higher design loadings than are acceptable in nor- 
mal mercantile practice. 

Tooth loadings can be increased only to within 
the limitations of the root and surface strength as 
determined by the material properties. Providing 
the teeth are large enough to provide adequate root 
strength, the load-carrying capacity of soft gears is 
limited by the fatigue strength of the material un- 
der compressive loading. Surface fatigue strength 
increases directly with the ultimate tensile strength, 
which in turn is proportional to the surface hard- 
ness. The maximum tooth loading which can be 
transmitted by gearing which is finished by hob- 
bing and shaving is therefore determined by the 
maximum surface hardness which it is practicable 
to machine. This limiting hardness is generally ac- 
cepted to be about 350 B.H.N and is obtained by 
through hardening high percentage alloy steels. In 
mercantile gearing installations the Lloyd’s K fac- 
tor for tooth loading would be limited to about 
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120 K for a material of this hardness, but a peak 
design loading of up to 250 K might be permissible 
in a naval gear installation. 

A considerable increase of surface fatigue 
strength and load-carrying capacity is provided by 
case-hardening the gear teeth, in fact the load- 
carrying capacity is then no longer limited by the 
surface fatigue strength. The design loading cri- 
terion for case-hardened gears is now recognized 
[2] as usually being the root strength since the 
bending fatigue strength, unlike the surface fatigue 
strength, does not increase with the ultimate ten- 
sile strength of the material. The utilization of the 
high surface load-carrying capacity provided by 
case-hardened gears depends entirely on the tooth 
design. In general it is found that a case-hardened 
gear will permit at least two and a half times the 
maximum root stress allowable in a hobbed and 
shaved gear of the same tooth design. 

The root strength of carburized and hardened 
gears is greatly assisted by the compressive stresses 
created in the hardened layer due to the increased 
volume of material caused by the formation of mar- 
tensite. This compressive stress must first be ab- 
sorbed by the external tooth loading before the 
tooth roots are subjected to the normal tensile bend- 
ing stresses. The tooth strength is thereby increased 
over and above the strength of the hardened case. 
It should be noted that surface residual compres- 
sive stress is not obtained with induction hardened 
gears. 

The third factor influencing reliability is the re- 
sistance to scuffing which relates to the ability of a 
tooth surface to maintain an oil film under pressure 
and under sliding. The scuffing limit in soft gearing 
is generally above the surface fatigue limit but, as 
the surface hardness increases the load-carrying 
criterion, other than root strength, changes from 
surface pitting to scuffing. The avoidance of scuffing 
in hardened and ground gearing is generally a mat- 
ter of obtaining a tooth design which produces the 
minimum of sliding and which has a good surface 
finish. 

On the basis of presently accepted design limits 
the foregoing indicates that the highest degree of re- 
liability and freedom from failure is obtainable from 
case-hardened and ground gearing. 

An important milestone in establishing the value 
of hardened and ground gearing in naval machin- 
ery was the installation of two 27,000 s.h.p. units 
in H.M.S. Diana in 1951. These gears, which were 
built in Switzerland, were of the double reduction, 
dual articulated type and were carburized and 
hardened with the exception of the air-hardened 
secondary reduction gearwheels. The tooth loadings 
were up to 260 K in the H.P. primary reduction 
and 200 K in the secondary reduction. The satis- 
factory experience obtained with the Diana gearing 
did much to influence the type and design of gear- 
ing selected for the St. Laurent Class. 
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The availability of domestic manufacturing facili- 
ties is a matter of prime concern in specifying naval 
main gearing requirements, as indeed for any de- 
fense equipment. It was such a consideration which 
faced the Royal Canadian Navy when it embarked 
on a destroyer escort program in 1950 with the tech- 
nical assistance of the Admiralty. The requirement 
was for all machinery to be manufactured in Cana- 
da other than the initial sets, which were to be 
built and tested by the designers. There being no 
manufacturing source of precision marine reduction 
gearing in Canada at all, the Canadian Government 
decided to establish a Crown--wned gear plant in 
Montreal to be operated unde. contract by a com- 
mercial engineering company to produce naval 
gearing. It was thus possible to select a type and 
design of gearing best suited to the naval require- 
ment and then to set up the necessary facilities to 
manufacture on a production basis. 

The circumstances regarding the selection of 
hardened and ground gearing for the St. Laurent 
Class are perhaps rather unique, since the Royal 
Canadian Navy was not only accepting a most ad- 
vanced gear design having tooth ioadings appre- 
ciably higher than the Diana gearing for installation 
in an entire class of ships, but it was also com- 
mitted to’ arranging for their manufacture in the 
first gear plant of its type in the world, involving 
a type of work, techniques and processes which 
were completely outside all previous experience in 
North America. 


St. Laurent CLASS MAIN GEARING DESIGN 


The St. Laurent Class main gearing design (Fig- 
ures 1 and 2) is of the double reduction dual tan- 
dem articulated single helical type incorporating a 
triple reduction cruising turbine drive. Each unit 
transmits 15,000 s.h.p. All pinions and gearwheels 
are carburized, hardened and ground. Details of the 
original gear design and materials for the main tur- 
bine drive are given in Tables I and II respectively. 


PAMETRADA SHORE TRIALS 


In 1951 the port unit of the first shipset of gear- 
ing was sent to Pametrada for full power testing 
under a dynamometer load in conjunction with the 
complete main and auxiliary machinery installa- 
tion. The gearcase was installed on simulated en- 
gine room seatings and on a three point support. 
The three chocking areas are shown by the double 
hatching in Figure 3 (a). 

Using an extreme pressure oil, in accordance 
with the current Admiralty running-in practice, 
the gearing was gradually run up to about 94 per 
cent full power when overheating occurred in the 
secondary reduction gearwheel forward bearing. 
The condition of the gearing was excellent, but it 
was decided that further trials were necessary to 
prove the ability of the gearing to run on standard 
turbine oi! OM88, which had been specified for 





Figure 1. St. Laurent Class main gearing port unit. 


Cruising turbine pinion Main turbine pinion 
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Figure 2. Arrangement of St. Laurent Class Main Gearing. 
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TABLE I 


St. Laurent Class Main Geur Design Data 





















































Original Design Revised design 
Primary Secondary Primary Secondary 
Pinion Wheel Pinion Wheel Pinion Wheel Pinion Wheel 
Wumiber Gl Glemetts .... 2 ccccccccsccccess 1 2 2 1 1 2 2 1 
es ee ere ee 37 190 29 143 43 221 38 187 
Pitch circle diameter, inch .............. 8.98 46.13 13.61 67.10 8.98 46.14 13.63 67.08 
Teh SHR, SI ooo oc ido nics s va0edes te 7.875 13.75 7.875 13.75 
Tangential load/inch face width, lb./in. . 2402 4664 2406 4666 
pO ae eee, ee ere 5.135 4.931 5.140 4.921 
RR ES es, are | 25.32 | | 25.29 | 
PE «a. cicicrnd aoinie SHENG Vesedevibe beedewe 320 412 320 412 
PE MO OE. ccnnversedcousenueteeees 10 6 10 6 
UN EI, AEE, iieona se ooo ces ce eeene 0.742 1.463 0.640 1.114 
Normal pressure angle, deg. ...........-- 15 15 23 20 
NE, SINE ven.ss oh ob Ogebe este ebetieees 0.241 0.206 0.584 | 0.347 0.221 | 0.181 0.377 | 0.326 
I DOI o.oo aracdine. euenees ccoesenes 1.168 1.685 1.224 1.156 
Taste II—Gear Material 
Original material Modified A.1.S.I. 3310 
(Swiss) (D.E.W. 3610) A.1S.1. 3110 
CHEMICAL COMPOSITION ...........se.eee0e 
NL INE ONO 5 cisns cies evnmtrcressonaess 0.08 0.08-0.14 0.08-0.13 
PET ET Eee TTT 0.44 0.40-0.60 0.45-0.60 
TD occndccwsvciwbnee epeciesea 0.25-0.30 0.20-0.35 0.20-0.35 
TON ooh ot etude 40c caecneces es 3.20-3.50 3.00-3.25 3.25-3.75 
SE OE 5. a Sac on cea evewess 0.54-0.60 0.40-0.60 1.40-1.75 
I A NN en odie vnnsiccccewe 0.025 maximum 0.025 maximum 
Ee cake ere 0.025 maximum 0.025 maximum 
MECHANICAL PROPERTIES (CORE) ............ After water hardening After water hardening After oil hardening 
Ultimate tensile strength, lb./sq. in. ...... 143,000-163,000 120,000 minimum 120,000 minimum 
PRM RE, I, TS kee onc cecccecsceees 114,000-134,000 85,000 minimum 85,000 minimum 
MII, SUETOIINE oe ons iacccesccckes sexes 8-10 (on L—10d.) 12 min. (on 2 ins.) 12 min. (on 2 ins.) 
Reduction in area, per cent .............. 45 minimum 40 minimum 40 minimum 
UN I, FEU onc rec ccwiwscceiasdsse 35 minimum 30 minimum 30 minimum 











service. At 85 per cent power, with OM88 oil, light 
scuffing was observed on the secondary reduction 
pinion tooth tips and at the roots of the main gear- 
wheel. The OM88 oil was then replaced with ex- 
treme pressure oil for the remaining trials on this 
set of gearing. The gear unit was gradually brought 
up to full power loading after which the gear tooth 
scuffing was found to have polished over at one end 
but to have extended at the other end. In addition, 
both the forward and after main gearwheel bear- 
ings were found to have wiped. 

The failure of the main wheel bearings led to a 
series of bearing design changes affecting the angu- 
lar location and number of oil inlets and the type 
of backing material. The first of the revised design 
bearings was tested concurrently with a gearcase 
deflection test, for which dial indicators mounted 
on a special frame were used to measure move- 
ments of each corner of the gearcase. The measured 
gearcase distortion, permitted by the three-point 
support at high powers, was considered to be exces- 
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sive and consequently a contributory cause of the 
gear scuffing. It was decided that the after corners 
of the gearcase should be chocked to reduce the dis- 
tortion at high powers. Additional torque resisting 
chocks were fitted under each side of the gearcase, 
to provide a five-point support as shown in Figure 
3(a) by the single and double hatched areas. The 
gearing subsequently satisfactorily completed a 
four hour full power proving trial and a short trial 
under 130 per cent full power torque. 

The first gear set completed more than 400 run- 
ning hours over the full power range during the 
course of trials designed to prove the entire main 
and auxiliary machinery installation. The earlier 
scuffing on these gears was found to have polished 
over quite satisfactorily after the completion of all 
the prototype trials. 

The ability of this gearing design to run without 
scuffing on standard turbine oil was rather obscured 
by the possible effects of the distortion under a 
three-point support and the wiped main gearwheel 
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Figure 3. (a)—Gearcase chocking arrangement. (b)—Ref- 
erence points for measuring gearcase distortions. (c)—Gear- 
case distortions under 130 per cent full power torque. 


bearings. Since this ability could not be conclusive- 
ly proved on gearing which had in fact already 
scuffed, it was decided to test the port unit of the 
second shipset of gearing on standard turbine oil 
only. The oil selected for these trials was OM100. 

After running-in under low power loading for 20 
hours the second port unit was worked up to 50 
per cent power on a five-point support. Scuffing was 
observed commencing at the after ends of the sec- 
ondary reduction pinions; Further increments of 
loading above the 50 per cent power increased the 
scuffing until the trial was stopped at 80 per cent 
power. 

It was concluded from the trials on the second 
unit that the gear design was not capable of opera- 
tion on standard turbine oil without scuffing. While 
steps were immediately taken to carry out a design 


investigation, it was necessary to confirm that this 
highly loaded gear design was capable of completing 
all trials up to full power without distress when 
used only with an extreme pressure oil on a five- 
point support. The port gearing unit from the third 
shipset was accordingly sent to Pametrada for test- 
ing. All trials including the 130 per cent torque trial 
were satisfactorily completed by this unit on a five- 
point support using extreme pressure oil. Since both 
the second and third unit had been operated on a 
five-point support and that scuffing had occurred 
only in the unit running with standard turbine oil, 
it was decided to test the significance of the differ- 
ent gearcase distortions between the three and five- 
point methods of support. The third gear unit was 
subsequently run up to full power on a three-point 
support without any sign of tooth distress, thus 
proving that the gear design was capable of being 
run satisfactorily on either three or five-points pro- 
viding extreme pressure oil was used. The gearcase 
distortions which were measured during the trials 
on the third unit with three and five-point supports 
are shown in Figures 3(b) and (c). 

It may be noted that the gearing in each of the 
three units tested at Pametrada have given a com- 
pletely trouble-free performance in service with no 
sign of scuffing or any other deleterious effects. The 
second port unit was returned to the manufacturer 
for inspection and re-grinding of the scuffed com- 
ponents before the gearing was installed in the ship. 


REVISED GEAR DESIGN 


Following separate design investigations carried 
out by the gear manufacturer and the Admiralty 
Vickers Gearing Research Association, it was con- 
cluded that the specific sliding or the slide/roll ratio 
in approach and recess flanks of the secondary re- 
duction gear teeth were too high for the design 
tooth loading and peripheral speed. A revised design 
(Table I) was developed by the manufacturer to 
permit operation at all powers on standard turbine 
oil OM100. The design was developed in considera- 
tion of scuffing criteria determined by AVGRA 
from a disc-testing program and involved an in- 
crease in pressure angle and diametral pitch. 

Although the Pametrada trials produced no scuf- 
fing in the primary reduction gear train when run- 
ning on OM100, the tooth design, when considered 
on the same basis as the secondary reduction tooth 
design, was found to be marginal. A revised pri- 
mary reduction tooth design was therefore devel- 
oped, again with an increased pressure angle and 
diametral pitch. As mentioned later, the revised 
gear design has been entirely satisfactory in service 
but the 23 degree pressure angle in the primary 
reduction has been found to cause appreciable diffi- 
culty in manufacture. Later gear units in the class 
have been fitted with the revised secondary reduc- 
tion gear design but with the original primary re- 
duction design. 
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CROWN-OWNED GEAR PLANT 


The Crown-owned gear plant in Canada was 
equipped to permit the manufacture of a full range 
of naval main and auxiliary turbine gearing up to 
142 inch diameter, which is the capacity of the 
largest grinding machines. The gears are cut, 
ground and inspected on precision equipment in- 
stalled in a temperature controlled, windowless but 
well lit shop. The plant includes a separate heat 
treatment shop in which are installed vertical gas 
carburizing and reheating furnaces of up to 75 inch 
diameter capacity. The large gearwheel furnaces are 
heated by oil fired radiant tubes while the smaller 
pinion furnace is electrically heated. The atmos- 
phere and carburizing medium in the furnaces are 
controlled by propane-fed gas generators of the 
exothermic and endothermic types. A dew-point 
indicator is used to control the carburizing poten- 
tial of the gas. 


MANUFACTURE IN CANADA 


General Design Considerations affecting Manufac- 
ture 

The high load carrying capacity provided by case- 
hardened gear teeth is, needless to say, by no means 
solely dependent on the surface hardness. Research 
which has so far been carried out in this field points 
to the significance of the hardness curve between 
the tooth surface and the core, the type of case and 
the method of hardening as factors influencing the 
tooth strength and fatigue resistance to bending. It 
is apparent that tooth root strength, or resistance to 
shock loading, decreases as the case depth increases. 
The bending fatigue strength on the other hand in- 
creases with the case depth up to a maximum when 
the case depth/module ratio reaches a value which 
is estimated by various researchers as ranging from 
.07-.23. Effective case depth is the depth of case 
measured from the surface having a hardness of not 
less than a certain specified value. The practice in 
Canada has been to measure effective case depth 
above the 500 DPH level on the hardness curve. 

The consideration which arises is that the case 
depth must be maintained to within very close lim- 
its in order to achieve optimum strength and load- 
carrying capacity. The process of carburizing and 
hardening gear rims does inherently involve growth 
and distortion which must be satisfactorily com- 
bated in order to make the process practicable. 
Excessive gear rim growth and tooth distortion 
must be removed by grinding, and it is not only 
necessary to keep grinding stock down to a mini- 
mum in the interest of reasonable manufacturing 
time, but there is also a very definite limit on the 
amount by which the case can be reduced. In addi- 
tion to the consideration of maintaining a minimum 
depth of case, any growth or shrinkage of the gear 
rim affecting the design outside diameter may also 
affect the addendum ratio to the point of reducing 
the active profiles of the mating teeth. Gearwheel 
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addendum changes with the growth or shrinkage of 
the wheel diameter; thus an oversize gear wheel 
would have an increased addendum and would 
necessitate an offsetting reduction in the addendum 
of the mating pinion. This would result in increased 
sliding on both the pinion and wheel approach 
flanks, which could well reduce the resistance to 
scuffing to a critical level. 

The manufacture of hardened and ground gear- 
ing will be seen to hinge entirely on the ability to 
manufacture gearwheels to a high degree of accur- 
acy with a surface hardness and case depth each to 
within closely prescribed limits. The manufacture of 
case hardened pinions does not involve the same 
extent of unpredictable dimensional variations dur- 
ing heat treatment as the gear wheels. The distor- 
tions and growths which do occur are sufficiently 
small or predictable to permit the pinion to be 
manufactured to suit the finished gear wheels. 

It may therefore be of interest to note the prin- 
cipal aspects of the manufacturing procedure used 
in Canada for the manufacture of the primary and 
secondary reduction gear wheels for the St. Laurent 
Class main gearing, with a view to providing a basis 
for assessing the manufacturing problems and eco- 
nomics of marine hardened and ground main pro- 
pulsion gearing. 

The requirement is to produce accurately ground 
gear wheels and pinions having tooth surface hard- 
nesses ranging from 62 Rockwell C (739 DPH) on 
the pinion teeth to 59 Rockwell C (675 DPH) on 
the gear teeth with a minimum acceptable value of 
57 Rockwell C (636 DPH). The depth of case 
measured with respect to 500 DPH is required to 
be not less than .040 in. and to have a fine grain 
tempered martensitic micro-structure free from 
boundary carbides. 


Material 

In order that the gearwheels may be finish 
ground as close as possible to the required design 
dimensions, with the minimum removal of stock, it 
is necessary that the material be selected not only 
for its hardenability and provision of a ductile core, 
but also for its stability and predictable behavior 
under heat treatment. The overall properties of the 
material used in the original Swiss-made gearing 
for the St. Laurent Class program—a low carbon 
nickel chrome water-quenching steel—have been 
hard to match in comparable steels available in 
North America. The specified composition and prop- 
erties of this material, which are given in Table II 
were most closely matched by using a modified 
AISI 3310 carburizing steel which has been desig- 
nated as DEW 3610. Forgings of this material, which 
has been used for the majority of pinions and 
wheels manufactured to date, have not permitted 
the degree of dimensional control considered de- 
sirable during heat treatment, there even being a 
significant variation between forgings of the same 
heat. This experience is now known to be largely 
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due to the inadequate restriction of grain size in 
the forgings. Recent experience has been with AISI 
3310, a standard oil-quenching steel which mini- 
mizes the risk of cracking generally associated with 
water-quenching steels. It is believed that AISI 3310 
should reduce distortions but experience with this 
material has not been sufficiently extensive to date 
to judge the degree of improvement. The heat treat- 
ment described in this paper is that which is cur- 
rently in use for AISI 3310. 


Pre-quenching 


The amount that a carburized gear rim will grow 
in diameter during hardening may vary consider- 
ably from forging to forging even where they are 
from the same heat. To provide a reasonable indica- 
tion of how much this growth may be, the gear rims 
are first subjected to a pre-quenching in the condi- 
tion as received from the forging supplier. AISI 
3310 rims are heated to 1,480 deg. F. and held for 
four hours. The rim is quenched in oil at 120/150 
deg. F. and allowed to cool to shop temperature. 
DEW 3610 gear rims are heated to 1,500 deg. F and 
quenched in a 5 per cent caustic soda solution. 


Gear Cutting 


Gear rims are machined to an outside diameter, 
prior to gear cutting and carburizing, which makes 
allowance for the subsequent removal of the car- 
burized case on the tips of the teeth, for a slight 
shrinkage during carburizing and for the antici- 
pated growth during hardening as determined from 
the pre-quench. The pre-quenching increases the 
hardness of the material to the detriment of its 
machinability, but subsequent annealing has been 
necessary in only a few instances and only with 
DEW 3610 material. The gear teeth are cut on rack 
shaping machines in three principal operations; 
roughing, finishing and protuberance cutting. Pro- 
tuberance cutters are used to form the tooth roots 
and to confine the grinding stock allowance to the 
tooth flanks. 


Carburizing 


The gear rim and the control test pieces, which 
are tooled out of the rim bore, are heated in the car- 
burizing furnace to 1,650 deg. F in an inert gas 
atmosphere which is passed at the rate of approxi- 
mately 1,000 cu ft/hr. Up to about 3 per cent 
propane is added to the neutral carrier gas at the 
commencement of carburizing and is reduced to 
about % per cent during the subsequent diffusion. 
Test pieces are removed from the furnace periodic- 
ally to check the case depth by penetrascope. Pre- 
vious practice has been to continue the carburizing 
until about half the required case depth was indi- 
cated on the test piece and then to diffuse until the 
test piece indicated the required case and an ab- 
sence of boundary carbides. A modified carburizing 
procedure is now in use, involving alternate two 
hour cycles for carburizing and diffusion, which is 
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Figure 4. (a)—Primary reduction gear rim sections up to 
assembly. (b)—Secondary reduction gear rim sections up to 
assembly. 


believed to reduce the presence of free cementite. 
Secondary reduction gearwheels were carburized 
for about 18 hours and diffused for a further 18 
hours. 

After cooling in a tempering furnace the gear 
rims are stress-relieved or annealed by holding at 
1,200 deg. F for five to six hours and then cooling 
in the furnace to below 600 deg. F. The gear rim 
distortion which is produced during carburizing is 
corrected as far as possible before proceding with 
further machining. Out of roundness and tapering 
(conicality) are corrected by applying a jacking 
spider which uses large radiused pads to stretch the 
rim. Out of flatness is corrected on a large press. 
The carburized layer is then machined off all sur- 
faces not required to be case hardened (Figure 4). 


Hardening 


The temperature of the gear rim and its test 
pieces is raised to 1,200 deg. F and held for 6 hours 
and then raised to 1,480 deg. F and held for 2 to 4 
hours. The gear rim is then quickly transferred 
from the furnace to a quenching fixture which con- 
sists of a heavy cast steel ring fitted with a series 
of clamps and adjustable taper pads arranged cir- 
cumferentially and set to a predetermined diameter. 
The taper pads are arranged to locate the bore of 
the rim while the clamps hold the rim flat. The gear 
rim complete with the quenching fixture is 
quenched in oil at 120/150 deg F and held in the oil 
for 20 minutes. The time taken between emerging 
from the furnace to quenching is approximately 34% 
minutes which includes a 2 minute holding period 
on the quenching fixture. Following hardening, the 
gear rim is tempered at 250 deg F for 8 to 10 hours 
after which it is removed from the quenching fix- 
ture. 
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Deep Freezing 

The higher alloy content of AISI 3310 and the 
use of oil quenching introduces a higher suscepti- 
bility to retained austenite than did DEW 3610. This 
condition has been satisfactorily avoided by deep 
freezing after quenching and tempering. The rim 
temperature is lowered to —90 to —100 deg F ina 
container of dry ice and alcohol and held for 2 
hours. The gear rim is then re-tempered at 250 deg 
F for 8-10 hours as after hardening. Deep freezing 
produces a slight increase of between 10-20 DPH 
points of surface hardness. 


Case Depth and Surface Hardness 


As already stated the duration of the carburizing 
and diffusion process is determined by the depth 
and quality of the case obtained on the test pieces 
which are withdrawn from the carburizing furnace 
and quenched in oil. The test pieces, which measure 
1%in. x 1%in. xX 1%in. receive a more severe 
quench than the gear rims principally on account 
of the effect of the different masses. The result is 
that the case hardnesses measured on the test pieces 
are appreciably higher than on the corresponding 
gear rim which is subjected to the same heat treat- 
ment. For similar reasons the surface hardness ob- 
tained in pinions is slightly higher than on the gear- 
wheels. Case depths which are determined from the 
hardness curves tend to be only slightly higher on 
test pieces than on the corresponding gear teeth. 
The depth of case formed round the gear tooth roots 
is generally found to be slightly less than that on 
the gear flanks due to the effect of surface concavit- 
ty. This effect is not considered undesirable since 
the subsequent grinding operations on the tooth 
flanks tend to unify the depth of case round the en- 
tire tooth. The required case depths are determined 
in consideration of grinding stock allowances which 
must be provided to produce the finish ground tooth 
profiles. The required test piece case depths are 
given in Table III together with the corresponding 
surface hardness values. 








TABLE III 
Test Piece Case Depths and Surface Hardness 
Case depth Surface hardness 
inches DPH(5Kg) Re 
Se ene 0.050-0.070 820-942 65-68 
Primary gearwheels ..... 0.050-0.070 763-820 63-65 
Secondary gearwheels .-.| 0.075-0.100 763-820 63-65 











Gear rims which have been sectioned have clear- 
ly illustrated the difference in case properties be- 
tween the production test pieces and the actual 
gear. Figure 5 shows the mean tooth flank and tooth 
root hardness curves measured from a sectioned 
DEW 3610 primary reduction gear rim, from which 
approximately .016 in. of grinding stock had been 
removed, together with the hardness curve for the 
corresponding test piece. The gear tooth hardness 
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Hardness, Vickers OPH. (Sky) 


Depth from surface, inches 


Figure 5. Hardness gradients for DEW 3610 primary gear 
rim. 


curves were derived from two diametrically oppo- 
site gear rim teeth each of which was sectioned in 
three locations across the tooth face. 





Test piece | Gear flank |Gear root 





Surface hardness D.H-P. .. 870 650 600 
Case depth inches 
OE Sd vicina ctilad 0.069 0.047 0.044 


Visual case depth inches .. 











0.056-0.060| 0.052 0.052 








Gear Rim Distortion 


The straightening operations carried out after 
carburizing are repeated after hardening. The true- 
ness and roundness of the gear rims are carefully 
checked before the bores are machined to receive 
the gear wheel discs which are assembled with a 
small shrink fit. 

The amount by which the gear rim diameters 
shrink during carburizing is usually less than the 
growth during hardening which in the case of the 
67 inch secondary reduction gear were recorded as 
high as .160 inches. This results in a net increase of 
the tooth root diameter between the cutting and 
hardening stages. Since the tooth roots are not 
ground except for blending-in the finish-ground 
tooth flanks it is most important that the final root 
diameter does not vary appreciably from the design 
figure. In practice it has been possible to hold the 
final diameter to within +.030 inches on the pri- 
mary wheels and +.070 inches on the secondary 
wheel of the design figures. The outside diameter of 
the gear rim, which is machined after carburizing 
and ground after hardening, does not usually vary 
as much as the root diameter. Variations in outside 
diameters do, of course, raise a special problem 
when manufacturing locked trains where it is neces- 
sary to obtain pairs of gearwheels of the same di- 
mensions. In dealing with a number of gear units it 
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is possible to select matching pairs of gear rims. 
Where the size of the gear rim after carburizing 
indicates that it would be too large after completing 
the full heat treatment, it has been satisfactory to 
re-cut and recarburize the gear rims with no detri- 
mental effect to the case or core properties. 

Out of roundness in the gear rims after heat 
treatment has been recorded up to .070 inches for 
primary wheels and up to .100 inches for secondary 
wheels. The out of roundness in the majority of 
gear rims was found to be about half these values 
prior to being corrected to within .020 inches of the 
true diameter. Out of flatness is a much smaller 
problem and is in fact corrected to within .010 
inches in most gear rims before machining. 


Gear Grinding 


The case-hardened gears are ground using the 
Maag grinding process which utilizes the funda- 
mental principle of involute generation by rolling 
gear teeth over the cutting edges of accurately lo- 
cated dished grinding wheels. The method of apply- 
ing this principle at the Canadian gear plant is dif- 
ferent for pinions and gearwheels. The generating 
method used for gearwheel grinding requires the 
two grinding wheels to be set with the grinding 
planes, formed by the outer edges, inclined to match 
the flanks of the basic rack cutter Figure 6(a). The 
true involute tooth profile is obtained by the rela- 
tive rolling or traversing of the grinding wheels act- 
ing as a rack cutter about the pitch circle diameter 
of the gearwheel, thus simultaneously generating 
the ahead and astern flanks of two separate teeth. 
The pressure angle of the tooth profiles generated 
by this process is determined entirely by the in- 
clination of setting of the two grinding planes. The 
are of grinding wheel contact with the tooth flanks 
is small but nevertheless sufficient to produce the 
characteristic criss-cross grinding arc pattern of this 
process. 

The pinions are ground on machines where the 
involute profile is generated from the base circle 
using what is known as the zero degree method. 
The two grinding wheels are arranged with the 
grinding planes parallel and face inwards (Figure 
6(b)). The bottom tips of the grinding wheels are 
set to touch the outside flanks of a suitable small 
block of teeth on a plane tangential with the base 
circle, about which the pinion is then rolled and 
traversed. The pressure angle of the tooth is deter- 
mined by the base circle diameter and the accuracy 
of the involute profile is primarily dependent on the 
setting of the grinding wheel tips with respect to the 
base circle. The point contact of the grinding wheel 
in this method permits an exceptionally fine surface 
finish which is devoid of the criss-cross grinding 
pattern obtained on the gearwheel teeth. The most 
important advantage of zero degree grinding is that 
it permits the most satisfactory method of accurate- 
ly applying tooth profile corrections. Tip and root 








Figure 6. (a)—Inclined wheel grinding method. (b)—Zero 
degree grinding method. 


relief is applied to the pinion flanks by an addi- 
tional movement being imparted to the pinion at the 
end of each generating stroke by a cam-actuated 
mechanism. 


Gear grinding is carried out in the three broad 
phases of roughing, semi-finishing and finishing. The 
roughing operation is essentially one of removing 
the minimum stock necessary to clean up all tooth 
flanks and must be preceded by careful setting up 
and followed through with appropriate adjustments 
to the grinding heads. The stock removed per pass 
is reduced from about .002 inches during rough- 
grinding to about .0005 inches during the semi-fin- 
ishing operation when the tooth profiles and pitch 
spacing are brought close to the required accuracy. 
The grinding wheel generating speed is reduced 
during semi-finishing and is reduced appreciably 
further during the finish-grinding operation which 
is allowed to continue until the wheels, which are 
set to remove no more than .0001 to .0002 inches of 
stock, “spark out.” The limitation on the amount 
by which the original case depth, as indicated by 
the test pieces, may be reduced during grinding is 
presently accepted by the Royal Canadian Navy as 
30 per cent, and is measured from the point on the 
gear where the grinding wheels first make contact. 
This is of course an arbitrary limitation but experi- 
ence has shown it to be realistic and in line with 
the specified requirement for final surface hardness 
and case depth. 

The gearwheels are usually completely finish- 
ground before manufacture is commenced on the 
mating pinions. The diameters to which the pinions 
are machined prior to gear cutting and the tooth 
block M measurement are determined to suit the 
finished gearwheel. The pinions are ground to match 
the respective wheels exactly by obtaining the same 
base pitch measurements and by appropriate ad- 
justments following numerous checks in the mesh- 
ing frame. The pinions are ground to obtain full 
depth meshing over the entire length of tooth with 
the axes of the pinion and wheel parallel. Contrary 
to present thinking, helix angle correction has been 
applied to all existing units. A torque correction of 
.0004 inches on the primary and secondary reduc- 
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tion pinions was originally considered necessary 
and. was applied during the final grinding operation 
and checked on the meshing frame with a .0004 inch 
adjustment on the parallelism between the pinion 
and wheel axes. 


Grinding Time and Gear Accuracy 


In addition to the obvious influence of gear dis- 
tortion and grinding stock allowance on grinding 
times, consideration must be given to the effect of 
accuracy requirements and the ease of achieving 
the specified tooth form as determined by limita- 
tions.of the manufacturing equipment. The accuracy 
specified for the gears made in Canada together 
with the average values of grinding stock removed 
and total grinding hours are shown in Table IV. 


TaBLe IV 
Gear Accuracies and Grinding Times 





Primary Secondary 
reduction reduction 
Pinions | gearwheels | gearwheels 
(46 in. PCD) | (67 in. PCD) 





“Maximum profile 











errors, inches ........ .00015 .00015 .00015 
‘Maximum tooth spacing 
__ errors, inches ........ .00015 .00025 .00035 
Average stock removed 

per flank, inches ..... 008-015 .010-.021 .012-.030 
“Average grinding 

ND, ROUEE ice sceoat 65-90 160)(15 deg. P.A.) 400 











250) (23 deg. P.A.) 





The grinding hours which are inclusive of setting- 
up times and all checking time between grinding 
operations, reflect a marked increase between the 
primary reduction gearwheels of the 15 deg and 23 
deg pressure angle designs. It will be seen from 
Figure 6(a) that with a smaller tooth and a higher 
pressure angle, the tips of the two grinding wheels 
would have to be thinned in order to extend to the 
bottom of each tooth flank without interference. 
The necessary thinning produces flexibility which in 
turn appreciably lengthens the grinding time, to 
achieve a given accuracy. The grinding wheels are 
of course the key between grinding time and ac- 
curacy in this process. Since the grinding wheels 
are in contact with the gear flanks only at one 
point, or a small arc on the fine dished edge, the 
requirement for stability and good uniform cutting 
qualities is critical. The inability of either a single 
wheel or both wheels to retain uniform cutting 
properties quickly increases the time required to 
produce a given accuracy. The degree of gearwheel 
flexibility is affected by the amount of edge contact 
with the tooth surface and will consequently vary 
as the arc contact of the inclined grinding wheel 
method changes at tooth entry and exit. This varia- 
tion in grinding wheel flexibility is not so evident 
with the zero degree grinding method where the 
variation in edge contact is much less throughout 
the entire generating and traversing cycle. Early 
experience showed that grinding times could be in- 
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fluenced far more by the type of grinding wheel 
than by the amount of grinding stock to be re- 
moved. -Flexibility and loss of cutting qualities in 
grinding wheels will extensively prolong the time 
required to correct very minor deviations from the 
required profile. Stiffening plates may be used to 
combat flexibility but will easily give rise to serious 
grinding burns where the grinding wheel flexure is 
due to poor cutting qualities. 

The problem of grinding wheel flexibility and 
poor cutting qualities came to a head during the 
manufacture of the 23 deg pressure angle primary 
reduction gearwheels. The Canadian grinding wheel 
industry was consulted and after considerable ex- 
perimentation with various grits, grain structures 
and bonds, a superior grinding wheel was eventual- 
ly developed which combined all the desirable re- 
quirements of uniformity and consistency in cutting 
properties and strength. Furthermore, the wheels 
were found to be sufficiently versatile regarding 
cutting properties and grinding finish to be used for 
both roughing and finishing operations. It was thus 
found possible to produce the 23 deg pressure angle 
tooth form to the required standard of accuracy, but 
only at the expense of increased grinding time as 
shown in Table IV. 

The permitted tooth spacing errors will be noted 
to be slightly outside the values specified for British 
Standard 1807 Class Al which is generally ap- 
plicable to hobbed and shaved gearing and is indeed 
necessary for most marine steam turbine reduction 
gearing of this type. Class Al accuracy is in fact 
achieved in the Canadian gear plant but there is no 
evidence to suggest that it is necessary for hardened 
and ground gearing except for the most stringent of 
naval requirements relating to quietness of opera- 
tion. Higher accuracies mean extending the selec- 
tive grinding operations during the finishing 
process. 

Assembly and Shop Testing 

The mating sets of pinions and gearwheels are 
assembled in gearcases having all bearing housings 
bored and scraped to ensure parallelism between 
the axes. Gearcase parallelism between axes is a 
naval requirement to permit the use of interchange- 
able concentric bearings. Non-clearance concentric 
bearings are used for checking the meshing align- 
ment of the pinions and gearwheels in the gearcase. 
For correct alignment the mating patterns regis- 
tered with non-clearance bearings are required to 
compare with the mating patterns obtained on the 
meshing frame. The dual drives between the pri- 
mary and secondary reduction gear trains are as- 
sembled and locked in a manner to ensure that all 
ahead flanks are simultaneously in contact at all 
powers. It is required that any variation between 
quill shaft torques, due to changing journal atti- 
tudes at low power, is never sufficient to cause 
tooth separation. 

Each gearcase is mounted on the basic three-point 
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support during manufacture and assembly on the 
test bed. A check on the condition of the gearcase 
from the time of assembly to the ship installation 
is obtained by sighting collimator targets erected on 
special pads at each top corner of the gearcase 
from a datum plane located above the secondary 
reduction gearwheel after bearing. 


Each shipset of gearing is tested up to full power 
using the power circulation of “back-to-back” 
method of loading (Figure 7). A hydraulic vane- 
type torque applier is coupled between the forward 
ends of the two second reduction gearwheels 
which are provided with forward coupling flanges 
especially for that purpose. The required power to 
rotate the gearing is provided by two 600 h.p. vari- 
able speed motors driving through flexible couplings 
fitted to the after ends of the main quill shafts in 
one gearbox. This method of testing permits the 
gearing units to be loaded independently of the 
speed but requires one unit to act as a speed in- 
creaser, that is with the astern flanks being loaded 
under ahead rotation. It is therefore necessary for 
all trials to be repeated with the loading reversed 
in order that each unit may be tested under the 
rated power conditions. 


The gearing is slowly run up to full power speed 
with the minimum torque necessary to prevent 
chatter being applied and using extreme pressure 
oil. The torque is then increased in stages until full 
power is attained after a total running period of up 
to twenty hours. The gearing is run at full power 
for four hours and then subjected to a further eight 
hours testing with propeller law loading up to full 
power. The gear units are finally subjected to a fif- 
teen minute full power trial with 130 per cent 
torque and a proportionate reduction in speed. The 
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total shop testing time is approximately 60 hours 
per shipset of gearing. 

Shop testing was initially carried out with both 
the three and five point supports. The results of 
these tests confirmed the earlier experience at 
Pametrada, that the gearing is capable of satisfac- 
tory operation with either type of support, in spite 
of the amount of twisting produced with the after 
corners of the gearcase unsupported. In conse- 
quence it has become the approved practice to in- 
stall the gearing on the test bed and: in the ship on 
a three-point support and then to fit the remaining 
torque resisting chocks. 


Service Experience 

Service experience with the main gearing in all 
fourteen ships of the St. Laurent Class, over the last 
five years since commissioning has been excellent. 
The appearance of the gear teeth differs from the 
original condition only by a slight polishing of the 
original grinding patterns. 

One of the ships, with the revised gear design, 
has now been running for almost a year with 
standard turbine oil after satisfactorily completing 
a four hour full power trial to prove the capability 
of the gear design. It may be noted that the ability 
of a gearing design to permit operation with a 
standard turbine oil, continues to be a recognized 
naval requirement, regardless of whether extreme 
pressure oils are used in service. 

Main gearing tooth mating patterns observed 
both on the test bed and particularly in ship instal- 
lations have not always compared with those ob- 
tained on the meshing frame. Low power tooth con- 
tacts have been observed at the driving ends of the 
pinions. While the satisfactory condition of the 
gearing obviated the need for concern, efforts were 
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Figure 7. Arrangement of power circulation rig. 
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made to diagnose the cause of what might have 
been mistakes for gearcase misalignment. 

The most obvious factor emerging from this in- 
vestigation was the effect of propeller shaft align- 
ment on the meshing of the secondary reduction 
gearwheel. Due to the lightness of the main gear- 
wheel and the absence of a separate thrust shaft, it 
was found to be most important for the main gear- 
ing to be aligned in the ship installation so that the 
intermediate propeller shaft would not exert a 
bending moment on the gearwheel and cause it to 
lift at the forward end. Main gearwheel lifting at 
low powers affects not only the mating patterns in 
the secondary reduction but also the load distribu- 
tion between its mating pinions where they are in a 
locked train. Again, this effect has not been found 
to be deleterious to the gear teeth, but in conjunc- 
tion with other factors can lead to gearcase knock- 
ing due to tooth separation at low powers. 


A precise analysis of all the conditions affecting 
tooth mating patterns in single helical gearing— 
such as journal attitudes in clearance bearings, hy- 
drodynamic influence of the oil film, quill shaft re- 
straint and gearcase torsional and thermal distortion 
—can best be described as being virtually impos- 
sible. The conditions can, however, be analyzed, 
sufficiently to indicate that the conventional basis 
for determining helix angle correction, in considera- 
tion of torsional and bending deflections, is entirely 
inadequate for single helical gearing. The slewing 
effect resulting from the axial thrust component of 
single helical tooth loads, causes different angular 
attitudes of the pinion and gearwheel journals be- 
tween forward and after bearings. The pinion and 
gearwheel axes are therefore not parallel to their 
respective bearing axes. If the maximum tooth 
loading is assumed to be equally distributed along 
the face width, as for double helical gearing, then 
it will be found that the pinion and gearwheel axes 
cannot be parallel to each other. Conversely, in or- 
der that the pinion and gearwheel axes may be 
parallel in the plane necessary to permit full face 
contact, the center of tooth loading must necessarily 
be displaced from the center of the face width. It 
therefore follows that a helix angle correction which 
is calculated on the basis of uniform tooth loading 
will be increased or decreased depending on 
whether the center of tooth loading is displaced 
away or toward the pinion coupling. 

In the case of St. Laurent Class main gearing it 
is now considered that the .0004 inch helix angle 
correction, which had been applied to all pinions, is 
not ensuring the uniform distribution of tooth load 
at full power. In view of the multitude of variable 
and indeterminates concerning helix angle correc- 
tion, it is no longer being applied to gear sets now 
in production. Where prototype shop trials indicate 
concentration of tooth loading at full power then 
helix angle correction will be applied on a trial and 
error basis. 
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It may be concluded that the high margin of 
safety obtainable with hardened and ground gear- 
ing has been well demonstrated by their trouble- 
free service in St. Laurent Class where it has been 
subjected to unknown concentrations of tooth load 
due to the doubtful application of helix angle cor- 
rection and the effects of considerable gearcase 
twisting. It is considered most unlikely that soft 
gearing, which is believed to be particularly sensi- 
tive to malalignment, would be able to withstand 
these same conditions of operation. 


THE MERCANTILE APPLICATION FOR HARDENED AND 
GROUND GEARING 


Although several tankers and at least one ocean 
liner are now fitted with hardened and ground 
gearing and have given completely trouble-free 
service over a period of several years, the general 
use of this type of gearing in merchant ships is still 
not widely recognized. Of the many requirements 
which would conceivably influence the choice of 
hardened and ground gearing, the need for im- 
proved reliability would, it is thought, be high on 
the list in view of the incidence of gear tooth fail- 
ures, ranging from premature wear to pitting and 
breakages, which continue to be reported in soft or 
hobbed and shaved type gearing. It is apparent that 
the highest proportion of mercantile main gearing 
failures are in aft end machinery installations. 

The reduction of weight and space obtained with 
hardened and ground gearing is unlikely to be an 
important asset in tankers and may in certain cases 
even create some difficulty in permitting adequate 
condenser space. It is considered that the condenser 
problem would only be acute in a two turbine dual 
tandem articulated gearing arrangement where the 
height between the turbine and propeller shaft cen- 
ters would be a minimum. In spite of its higher load 
carrying capacity it does not appear that hardened 
and ground gearing can be built to transmit higher 
powers than soft gears. This is because the torque 
capacity of the maximum size of gearwheels that 
can presently be manufactured by either the hob- 
bing and shaving process (200 in.) or the grinding 
process (142 in.) are approximately equal. 

There are many cases on record of surface fail- 
ures in gear teeth of the soft hobbed and shaved 
type being overcome by the fitting of case-hardened 
and ground pinions. The increased load-carrying 
capacity of this combination of materials is small 
but nevertheless effective in cases of marginal de- 
sign. Significantly higher load-carrying capacity and 
reliability can only be obtained where the gear- 
wheels are also case-hardened and ground. 

Unfortunately although many gear manufacturers 
are able to provide hardened and ground pinions 
very few are equipped to supply hardened and 
ground gearwheels or are even prepared to ac- 
knowledge the advantages of this type of gearing. 
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IV.) 
While there can be little doubt that the outlook of been estimated on the basis of comparisons which 
1 of the gearing industry on this matter is influenced to have been made with respect to the carburized and 
jear- no small degree by existing machine tool invest- hardened grinding times reported in Table V. The 
ble- ments, it is curious to note that hardened and relative cost indices for complete main gearing units 
been ground gearing is commonly condemned on the have been derived in consideration of the size of the 
load basis of slow and costly manufacture. The sugges- secondary reduction gearwheels, the peripheral 
— tion of the manufacturing time for marine hardened (toothed) areas and the manufacturing time in- 
case and ground gearing being excessive has most cer- dices. 
soft tainly not been borne out by experience in Canada. 
-nsi- Furthermore, in consideration of the tremendous ee 
tand strides which have been made in improved gear The high reliability provided by hardened and 
hardening methods, particularly the tooth-by-tooth ground gearing and its ability to withstand concen- 
- induction hardening process [4] which can be ap- trated tooth loads, due to various internal and ex- 
plied to medium and large gearwheels, there can be ternal factors causing misalignment, without dis- 
oun little doubt that hardened and ground marine gear- tress has been demonstrated by the experience with 
ial ing is beginning to look economically attractive. St. Laurent Class in the Royal Canadian Navy. A 
free The removal of hardened gear material by grind- high pressure angle is recommended to avoid scuf- 
eral ing is unquestionably a much slower process than fing but this should not exceed 20 deg in the inter- 
still the removal of soft gear material by hobbing and est of ease of manufacture. 
ents shaving. However, in consideration of the reduced The overall manufacturing time required to pro- 
e of gearwheel diameters and face width permitted by duce a set of hardened and ground gearing may be 
im- utilizing the high load-carrying capacity of case- expected to be appreciably less than for an equiva- 
h on hardened gearing, the overall manufacturing time lent soft gear design for the same power/speed re- 
fail- required to process the smaller gear tooth area quirement. Experience with induction hardened 
and would appear to be less than for the larger hobbed gearwheels running with carburized and hardened 
ft or gears. In point of fact it is known that a much pinions is still very limited but, from the indications 
es higher proportion of the total manufacturing time of tests so far conducted, it is considered that this 
for a set of main gearing is spent on the gearcase type of gearing will become equally attractive for 
with and assembly than on the manufacture of the pin- naval and mercantile installations alike on the basis 
gyre ions and gearwheels. It might then be stated that of reliability and cost. 
ne the cost of a set of gearing is influenced far more by 
uate the size of the secondary reduction gearwheel than CT 
nser the gearcutting times. The author wishes to acknowledge the assistance 
dual To obtain an approximate estimate of the order given by the Resident Naval Overseer, Lachine and 
» the of cost saving, which might be achieved by using his staff in compiling manufacturing data and to 
cen- case-hardened and ground gearing, a comparison of thank the following companies and bodies for the 
load gear sizes has been made in Table V for the same use of illustrative material: Department of Mines 
ened torque requirement applying the Lloyd’s K factors and Technical Services, Ottawa, Dominion Engi- 
at recommended by Page [2] for merchant ship appli- neering Works Ltd., Montreal, Pametrada, Wallsend 
a cations. The figures listed are relative to a basic and Maag Gear Wheel Co. Ltd., Zurich. 

i. design employing K factors of 80 and 70 in the pri- This paper is published with the permission of the 
ding mary and secondary reductions respectively. Gear Royal Canadian Navy but the responsibility for any 
manufacturing times per unit peripheral area have views expressed rests with the author. 

fail- 
ei TaBLE V 
en 
ying Relative Dimensional and Cost Indices for Hardened and Soft Gearing 
mall aa 
| de- facturin; 
onal Gear material Primary reduction Secondary reduction time 
Gear type index | Cost 
Jear- Unit Unit | per unit |index 
Pinion Gearwheel K | Dia-| Face |tooth} K_ | Dia- | Face |tooth| toothed 
_— factor|meter|width| load |factorjmeter|width| load | area 
1ions Soft (basis) Soft (basis) Double helical) 80] 1 1 1 ye ae | 1 1 1 1 
and Through hardened rough hardened Double helical] 120 | 0.87 | 0.87 | 1.31 | 100 | 0.89 | 0.89 | 1.27 15 | 0.96 
Carburized and hardened Induction hardened Single helical | 250 | 0.77 | 0.54 | 2.41 | 250 | 0.78 | 0.47 | 2.78 15 0.73 
| hint Carburized and hardened Carburized and hardened|Single helical | 300 | 0.73 | 0.51 | 2.72 | 300 | 0.73 | 0.44 | 3.14 2.5 0.76 
ring. 
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AIRCRAFT JET FOR MARINE USE 


The Model 240 turboshaft engine, a modified version of General Elec- 
tric's J79 turbojet engine which currently powers four types of military 
Mach-2 aircraft, will be installed in the Maritime Administration's experi- 
mental hydrofoil craft this summer. Foils attached to the sides of these 
craft cause the hull to lift out of the water, reducing the displacement 
resistance ("Mechanical Engineering," June, 1959, pp. 48-53). 


Various configurations of the turboshaft engine and exhaust system are 
also planned for use in mobile electric-power systems for remote or 
emergency uses, and as prime movers for peaking power generators. The 


unit's lightweight, high-power characteristics make it ideally suited for 
such selected industrial and electrical applications. 


This new marine engine consists of the basic gas generator used in the 
J79 turbojet, plus an aftmounted power turbine that converts high-veloci- 
ty jet exhaust into shaft horsepower. As a comparison, in a jet plane, jet- 
engine exhaust causes a reactive thrust that powers the aircraft. In the 
hydrofoil craft, a windmill-like turbine harnesses jet exhaust to drive the 
craft's screw propeller. The Model 240 engine will power the Maritime 
Administration hydrofoil at speeds up to 60 knots. 


The 104-ft craft is being built by Dynamic Developments, Inc., an 
affiliate of the Grumman Aircraft Corporation. 


Though General Electric has produced marine propulsion systems for 
more than 50 years, the J79 turbo-jet is the first large jet engine to be 
converted to sea-duty. Like the J79, the Model 240 turboshaft engine has 
a very favorable power-to-weight ratio, fulfilling hydrofoil craft require- 
ments for a lightweight, compact, high-performance power plant. 


The J79, America's first Mach-2 turbojet, delivers more thrust per 
pound of engine weight than any other turbojet in its class. 


Later versions of the Model 240 turboshaft engine will use the gas gen- 
erator from the Company's CJ-805 turbojet in place of the J79 gas gen- 
erator. The CJ-805 engine is the commercial version of the J79 turbojet. 
It is now in regular airline service powering the Convair 880 jetliner. 


Mechanical Engineering, June 1961 
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giant guardian... 


— football fields could be. laid out on the flight 
deck of the giant, nuclear-powered U.S.S. Enterprise— 
the world’s largest ship. But size isn’t the only dimension 
that makes the Enterprise outstanding. Pressurized water 
nuclear reactors, producing over 200,000 horsepower, 
will drive her at speeds in excess of 25 knots. She will 
be able to sail the seven seas for several years with- 
out refueling. 

Carlson corrosion and heat-resistant stainless steel 
plate was used in this huge Attack Aircraft Carrier, and 
in her nuclear power plant. The builders of the Enterprise 
have confidence in the stainless plate produced by 
Carlson specialists. Exacting quality standards and de- 
pendable delivery result from such specialization. 

Whether you are building a gigantic ship, a nuclear 
power plant, or corrosion-resistant process equipment, 
we can help you make it best. For practical assistance 

in filling your requirements for stainless 
plate in a wide range of grades and sizes, 
contact Carlson. 

Our new booklet, “Producing Stainless 
Steels . . . Exclusively,” is available. Write for 
your copy now. 


j 
b- wy 
f 
{ 


eer) 


een 


~~ 
neh tah B14 
a! fad ~ 
Pgs Pe SE 
ee ae a—ed wo “SSP 
a et : . 
sis: .~ = 
; ; 7 y 
OO ba 


Photograph of the launching of the U.S.S. Enterprise. 
Courtesy of Newport News Shipbuilding & Dry Dock Co. 
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Westinghouse 
invites you to 
test your 
weather 1.0. 
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Your weather eye rates 100% on this mariner’s test 
if you named: a. small craft warning (winds up to 33 
knots). b. gale warning (winds ranging from 34 to 48 
knots). c. whole gale warning (winds ranging from 
48 to 63 knots). d. hurricane warning (winds 64 knots 
and above). @ But no matter what the weather, 
your ships sail safely, surely, soundly, with proven 
Westinghouse propulsion and auxiliary equipment 


aboard. @ Large or small, from turbines to Trinis- 
tors? Westinghouse can supply more shipboard equip- 
ment than any other manufacturer. M@ Contact your 
local Westinghouse sales engineer for product in- 
formation. Or write us: Westinghouse 
Electric Corporation, P.0. Box 868, Pitts- 
burgh 30, Pennsylvania. You can be sure 


... if it's Westinghouse. 


J-92057 
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DON'T HONK—Celebrating its 57th Anniversary, June 16, U.S. Naval 
Engineering Experiment Station, Annapolis, unveiled a "magnetically 
clean" lab with precision instrumentation and equipment so sensitive that 
it can measure accurately the magnetic field of an automobile passing 
more than 300 feet away. Non-destructive electronic test gear and mag- 
netic field measuring devices—a $200,000 investment—were installed in 
the facility by Magnaflux Corp., subsidiary of General Mills. Location 
and identification of major magnetic field sources within various types of 
shipboard electrical equipment is one of the important assignments of the 
lab. It is built on heavy concrete reinforced with aluminum rod; has walls 
of cinder block, aluminum mesh—reinforced, roof of composition ma- 
terial laid across wooden beams, and aluminum nails throughout. Relative 
permeability of the installation is reported less than |.02 within 288 feet. 


Research/Development Magazine, August 1961 


ARTIFICIAL ELECTRICAL NOSE 


Long-range, fundaental work has been undertaken by ARF research 
personnel to understand, match, and eventually surpass the mechanism of 
olfactory sense. They are currently attempting to establish which groups 
of physiochemical surface interactions can exhibit selective electrical 
effects suitable for recognizing low concentrations of certain vapors in 
the air. Eventually, an "artificial electrical nose" ma ybe developed, 
which would objectify the detection and analysis of odors. ARF research- 
ers presently use a variable capacitance capacitator to compare contact- 
potential changes caused by the same vapor on several solids. 

The eventual benefits from an artificial olfactory detector are enorm- 
ous. Experienced doctors, for example, can recognize many sicknesses by 
the smell of the skin or body products. Large areas of diagnostics may 
thus be opened by objective olfactometry. Warning systems for toxic 
vapors in the air could be devised for industrial safety and for protection 
of military personnel. Olfactory examinations could also be made at a dis- 
tance, as in space or other remote regions. Food aroma studies could be 
put on an objective basis, and methods of detecting food spoilage with- 
out extended tests might be developed. 

Although the mechanism of olfactory sense is not yet fully understood, 
adsorption appears to be one link in the complex physiological process. 
ARF researchers theorize that adsorbent surfaces must exist that are 
highly selective with respect to molecular structures of adsorbed species. 
Since the final link in olfactory reception is an electrical impulse to the 
nervous system, it is probable that selective adsorption is signaled as a 
change in the potential of the interface. 


Armour Research Foundation "Frontier" 
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INTRODUCTION 


1. A RECENT PAPER [1] the use of the electromag- 
netic pinch effect for space propulsion has been 
described in some detail. Theoretical studies using 
four analytical models were reported and certain 
significant conclusions were made based upon these 
studies. At the time that this earlier paper was writ- 
ten, experiments had been conducted and “proof of 
principle” had been established. Since that time, an 
extensive experimental program has been con- 
ducted at Republic’s Plasma Propulsion Laboratory 
and is reported in this paper. The field of plasma 
diagnostics is a very difficult one due to the fact 
that it requires the ability to measure events occur- 
ring in less than one millionth of a second in the 
presence of large magnetic and electric fields. Since 
the process proceeds with velocities of the order of 
100,000 miles per hour or greater, reliable measure- 
ments become very difficult to obtain. 


Prior to discussing the experimental program it 
is briefly in order to answer two pertinent ques- 
tions, namely, “why have space missions?” and 
“where is each of the proposed propulsion systems 
applicable?” Table I [2] gives a partial listing of the 
many space missions that are desirable. As a last 
item, national prestige has been listed. Of all the 
reasons for space flight, this one should not be min- 
imized. It is necessary in the political atmosphere 
that exists at present in the world that the United 
States should demonstrate spectacular space accom- 
plishments. The balance of political power could 
easily rest on some spectacular, non-technical space 
shot. 

In order to answer the second question of ap- 
plicability of each of the proposed space propulsion 
systems it is necessary to make certain broad esti- 
mates. Figure 1, taken from many sources in the 
literature, gives the general range of performance 
and applicability of the most feasible propulsion 
systems. The ordinate is acceleration in “g’s” and 
represents the ratio of thrust to weight. Therefore, 


66.99 


those systems whose “g” value is less than unity 
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Figure 1. Acceleration and Specific Impulse Spectrum. 


cannot take off under their own power from earth. 
Only the chemical and nuclear fission devices can. 
The other coordinate, specific impulse is the ratio 
of velocity to “g” and represents the ratio of thrust 
developed to weight flow rate. Except for the mag- 
netohydrodynamic and ion engines, this figure 
shows that the maximum specific impulse is of the 
order of 1500 secs. This limitation is primarily due 
to materials limitations. The ion engine has difficul- 
ties at specific impulse less than 10,000 secs. arising 
from its extremely low efficiency in this range and 
there appears to be a major problem area due to 
electrostatic space charge phenomena. 

The magnetohydrodynamic devices have a useful 
range of specific impulse ranging from 1,000 to 20,- 
000 secs. System and mission studies performed at 
Republic [3] have indicated that for presently con- 
ceived earth-orbit missions and for an earth-orbit 
to Mars-orbit mission the optimum specific impulse 
is in the range of from 1,000 to 7,000 secs. It should 
be noted that the magnetohydrodynamic devices 
fall into two categories, pulsed and steady flow. 

As was indicated in [1], the pulsed device shows 
certain advantages such as low average material 
temperatures, small loss of electrode material over 
extended operational periods, reliable start-stop 
operation, etc. 
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I. 


II. 


Ill. 


TABLE I 


TYPES OF FUNCTIONAL MISSIONS 


Space Environment Missions 
A. Physics 


1. Atmospheric 
a. Composition 
b. Total density 
c. Electron and ion density 
d. Air glow or auroral 
2. Magnetic fields 
. Micrometeorites 
4. Cosmic radiations 
. Composition, direction, and energy 
. Primary electrons and protons 
Primary gamma (x-rays) 
. Ultraviolet and infra-red 
. Light, color, and intensity 
Galactic noise, below ionospheric 
cutoff 


B. Space environment 


1. Exposure of: 

a. Materials 

b. Equipment 

c. Living things (recovery is necessary) 
Bacteria and yeast organisms 
Flowering plants 
Rats 
Monkeys 
Man 


Astronomical and Astrophysical Missions 


wo 


mo ao op 


A. Low-resolution optical scanning in ultra- 
violet and infra-red of the sun, moon, 
planets, and galaxy (stars, clouds, space). 


B. High-resolution optical survey in far 
ultraviolet of the sky 


C. Solar radiation 


D. Radio astronomy, below ionospheric cut- 
off of solar, planetary, galactic (stars) 
noise. 


Meterological Missions 


A. Cloud cover plus atmospheric heat bal- 
ance 


B. Atmospheric heat balance only 


IV. 


VI. 
Vil. 


Communication Missions 
A. Propagation and 
ments 
1. Electron density 
2. Electron density above F-layer 
3. Magneto-ionic ducts 
4. Propagation 


ionospheric measure- 


B. Satellite communication 


C. Worldwide communcation relays 
1. Active 
2. Passive (nonspherical) 


. Technological Missions 


A. Precision orbital measurement for 
1. Geodetic 
2. Relativistic effects on orbits, atomic 
clock 
3. Improvement of tracking and launch- 
guidance systems 
4. Orbit modifications and transfer 
B. Power Systems 
1. Solar power collectors (parabolic) 
2. Cooling radiators 
3. Energetic liquids stored at low temper- 
ature and shielded from sun 
C. Stabilization systems for 
1. Small payloads 
2. Medium payloads 
3. Large payloads 
. Guidance systems 
. Space flight propulsion 
. Reentry and recovery 
. Manned Satellite 


QHao 


Transport and Supply Missions 
Military Missions 

A. Early warning 

B. Weapon delivery 


VIII. National Prestige 
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GENERAL 


In order to properly supplement the theoretical 
areas of investigation, Republic’s Plasma Propulsion 
Laboratory has designed, constructed and tested 
several test units specifically built and instrumented 
for research in the field of plasma physics. As an 
adjunct to this experimental program, Republic has 
accumulated considerable experience in the selec- 
tion and design of such equipment as switches (trig- 
gered gap switches, solenoid operated vacuum 
switches, ignitrons, thyratrons) ; capacitors; vacuum 
pumping and measuring equipment; high power 
transmission (coaxial cables, connectors, strip 
lines); insulation (ceramics, plastics); and induct- 
ance coils. 

Experimental investigations in this field are diffi- 
cult and require carefully planned and executed 
diagnostic programs. Republic’s experience from 
both the theoretical and practical viewpoints is ex- 
tensive and detailed. The Plasma Propulsion Lab- 
oratory has developed and utilized advanced con- 
cepts of streak photography, ionization probes, light 
probes, magnetic probes, pressure transducers, etc. 
In addition, a considerable amount of experience 
has been gained in the placing of instrumentation 
to reduce its detrimental influence on the behavior 
of the plasma. 


Some of the principal test units that have been 
used for these programs are: 


Test Rig No. 1. 
Test Rig No. 2 
Triggered Gap Switch. 
Fast Acting Gas Valve. 


A brief description of these units in which their 
use and capability are indicated follows. 


TEST RIG No. 1 


Test Rig No. 1 has been used as a system for 
general experimentation with plasmas. Figure 2 is 
a photograph of Test Rig No. 1. It is on this rig 
that pinch experiments have been made using gas 
triggering and electrode nozzles to demonstrate the 
feasibility of a pulsed plasma pinch space engine. 
Considerable experience has been obtained on this 
rig with gas triggered discharges, and knowledge 
has been acquired on the requirements for obtain- 
ing this type of discharge between electrode nozzles 
of various shapes. In the course of this work, inter- 
esting data pertinent to a propulsion system have 
been obtained. 

One of the most important considerations for an 
electric propulsion system is the initiation process, 
i.e., the processes affecting the establishment of a 
pinch, its stability and its strength. In order to in- 
vestigate this fundamental parameter, it was neces- 
sary to determine and develop certain circuit re- 
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Figure 2. Test Rig No. 1 During Operation 


quirements. To this end the current rise time and 
the ringing frequency of this rig have been altered 
by the insertion into the electrical circuit of coils 
of various values of inductance and resistance. 
These coils have been made at Republic and are 
used to vary the rate at which a pinch is propagated 
into the gas located in the inter-electrode spacing. 
The coils have been used particularly in stability 
studies of the action of a “slow” pinch and this 
work has been reported by T. Donner and L. Aron- 
owitz [4]. 

A streak camera has been used with this rig as 
have other forms of instrumentation, such as light 
probes for velocity measurement, pressure trans- 
ducers (Kistler gauge and barium titanate pellets) 
and current sensing coils in a plasma stream. Im- 
portant knowledge has been obtained of the effect 
of instrumentation on discharges and pinches and 
of the influence of temperature, pressure, magnetic 
fields and voltage on instrumentation. Valuable ex- 
perience has been acquired on the interpretation of 
instrumentation results and on the general tech- 
niques applicable to experimentation in this field. 


TEST RIG NO. 2 

Test Rig No. 2, designed for use in investigating 
the production and acceleration of plasmas for space 
propulsion applications, has been operating success- 
fully for some time and valuable data have been 
obtained. The greater flexibility built into this test 
rig has been a major factor in obtaining extensive 
experimental data pertinent to the design of a space 
propulsion system. Figure 3 is a photograph of the 
unit showing all of the principal components and 
some of the instrumentation. 

The components of Rig No. 2 are described in 
some detail in the following discussion: 
Electrode Nozzles: Experience with aluminum 








ecw 


. Sea eee (1 


— Sy hy 


a a ee ee ee ee. ee) 


d 
d 
ls 
B. 
‘e 
d 
. 
y 
lS 


= 
' 


GRANET & GUMAN 


PLASMA PINCH ENGINE EXPERIMENTS 





Figure 3. Test Rig No. 2. 


electrode nozzles has shown that they have very 
little erosion over long periods of operation and, 
furthermore, that the operational temperature of 
the nozzles stays less than 220°F. In these nozzles, 
the pinch is initiated by the introduction of the pro- 
pellant through a series of holes or slots near the 
outer periphery. Figure 4, a typical nozzle, has the 
top electrode removed and shows the propellant 
supply orifices. 

The upper and lower electrodes are separated at 
the outer periphery by an electrical insulator. En- 
flon has been used successfully, and at no time was 
it found that arc-over from one of the electrodes to 
the other occurred due to the accumulation of 
debris at the surface of the insulator. Numerous 
electrode shapes have been tried, and the experi- 
mental results obtained on radially dominant, quar- 
ter circle and elliptic nozzles are presented in an- 
other section of this paper. 

Capacitors: The pinch discharge depends upon 
low source impedance of a bank of capacitors for 
proper performance. It has been empirically deter- 
mined that at this experimental state of the art, re- 
liable pinching can be achieved at approximately 
120 microfarads and 3000 volts. The present experi- 
mental rig uses industrial type capacitors that 
weigh two pounds per microfarad. Each of the ca- 
pacitors used is 30 microfarads and is capable of 
being charged to 6000 volts. A study program has 
been initiated at Republic with several prominent 
capacitor manufacturers to obtain small, light, re- 
liable high-energy capacitors. This is a continuing 
program and some benefits have already been de- 
rived and are incorporated in Prototype Test En- 
gine No. 3, which is described later in this paper. 

Vacuum Chamber and Vacuum Pumping Sub- 
system: The vacuum chamber is 30 inches in diame- 
ter by 36 inches long, and is of welded aluminum 
construction. This chamber is presently operating 


Fiure 4. Typical Nozzle Showing Propellant Supply Orifices. 


at vacua of 10-* mm Hg and has a capability of even 
lower pressures. Ultimates of 5x10-7 mm Hg have 
been achieved with the pumping system using 
water cooled baffles. The system is composed of six 
inch diffusion pumps, water cooled baffles, a me- 
chanical backing pump and a mechanical holding 
pump. In its present mode of operation, gas is in- 
jected into the chamber in pulses; each pulse being 
of the order of 5x 10-* gms mass. The unit is capable 
of maintaining a vacuum of 10-° mm when it is 
pulsed at the rate of one pulse per second, demon- 
strating its capability to “clean up” this throughput. 

Port holes are provided for visual inspection and 
streak photography. Connectors to plug-in instru- 
mentation and monitoring equipment are provided 
as shown in Figure 3. 

Electrical Subsystem: The test rig is operated by 
discharging a bank of capacitors across a shaped 
electrode assembly. The capacitors are stored in the 
cylindrical rack which is capable of acommodating 
20 units rated at a total capacity of 600 microfarads 
at 6000 volts. These units can be subjected to a dead 
short repeatedly without damage. The capacitors 
are connected to a central collection drum by low 
resistance, low inductance coaxial cables tu provide 
ease of arrangement, access and maintenance of the 
collectors. The entire circuit has an inductance of 
0.030 microhenrys, including capacitors, cables, col- 
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lector drum and electrodes. The system has a ring- 
ing frequency of 50 kilocycles per second under 
normal operation, showing a rise time of five micro- 
seconds to maximum current in the first quarter 
cycle. 

A significant finding is that a fast current rise 
contributes to the early formation of a good current 
sheath, one of the essentials to obtain a stable 
pinch. With fast current rise (even with minimum 
energy levels), stable pinches have been obtained 
without external pre-ionization, other than normal 
background radiation. 


Several power supplies are available that can 
charge the capacitors in times ranging from less 
than one second to several seconds. 


Control Console: The console shown in Figure 3 
contains the controls for the general operation and 
monitoring of the engine system. Automatic se- 
quencing circuits are provided such as that for the 
operation of a streak camera. In this circuit, after 
the initial parameters of the experiment are estab- 
lished, the operation of the streak camera is auto- 
matically keyed in to make each exposure at the 
correct time. The console also contains a panel to 
control the operation of the gas valve. The frequen- 
cy as well as the duration of the gas pulse can be 
controlled from the console. 


Triggered Gap Switch 


An experimental assembly utilizing the inverse 
pinch process was devised as an application of the 
inverse pinch to develop a triggered gap switch. 
Republic is interested in the use of such a high- 
energy switch for application in pulsed plasma de- 
vices in order to take advantage of the self-extin- 
guishing feature of such a geometry. The equipment 
is also being used for general investigation into the 
physics of an inverse pinch, particularly in its ap- 
plication as a high current density switch. The 
unique feature of this device is that it can be used 
both as a switch and a valve for controlling propel- 
lant injection. Figures 5 and 6 show the triggered 
gap switch developed at the Plasma Propulsion 
Laboratory at Republic. 
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Figure 5. Triggered Gap Switch Schematic. 
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Figure 6, Views of Triggered Gap Switch 


Fast Acting Gas Valve 


During the early investigations, it was realized 
that gas triggering of high energy discharges was 
advantageous. Such a mode of operation eliminates 
the need for a triggered gap switch in a propulsion 
system. This form of initiation has now become 
standard at Republic and is utilized in all propul- 
sion experiments. Although commercial valves can 
be used for this purpose, it is readily apparent that 
some applications require better gas utilization and 
propellant injection control than is available with 
commercial equipment. In an attempt to meet some 
of these requirements, Republic has been develop- 
ing a valve of unusual design. Several valves and 
their assorted electrical circuits have been made 
and are currently being evaluated. 


DIAGNOSTICS 


The ultimate purpose of an engine for space pro- 
pulsion is to provide thrust for the specified mission 
efficiently so that the total weight of the propulsion 
system is minimized. In order to properly design a 
device to meet this objective, it is necessary to be 
knowledgeable in all subsystem areas pertinent to 
the engine. In this section the parameters of par- 
ticular interest for engine development are categor- 
ized. Diagnostic equipment and pertinent specific 
test data will be presented. The areas of interest 
and also those in which the Plasma Propulsion Lab- 
oratory has expanded a great deal of experimental 
effort are: 

Velocity of the plasma in the engine and the ve- 

locity of efflux of the plasma from the engine. 

Mass of propellant injected per pinch and the 

mass of propellant actually involved in the 
electro-gas dynamical processes after initiation 
of the pinch. 

Thrust of the device. 

Electrodynamic parameters of the system. 

Pinch initiation requirements. 

It must be emphasized that the electro-gas dy- 
namical transients associated with such an engine 
require diagnostic ability to obtain reliable data in 
times of the order of one microsecond or less in the 
presence of extremely large transient magnetic 
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fields. Therefore, in each of the foregoing areas, sev- 


eral techniques have been used to obtain reliable, 


reproducible data. In the following material some 
of the pieces of special test equipment in use at the 
Plasma Propulsion Laboratory are briefly described 
prior to the presentation of specific experimental 
results. 


Rotating Drum Camera 


Republic (in conjunction with Photo Mechan- 
isms,, Inc.) designed and built a high speed rotat- 
ing drum camera. This camera monitors the 
movement of a plasma over a length of 12 inches 
from a distance of 20 inches. When the film is pro- 
jected to full scale, the time resolution is four 
microseconds per inch. Ten microsecond timing 
markers and a zero time mark are placed on the 
film simultaneously with the exposure of each 
event. Figure 7 shows this camera as used in Test 
Rig No. 1. 


Rotating Mirror Camera 


A rotating mirror camera has recently been pur- 
chased, Continuous optical records of the plasma 
motion can be obtained by means of hexagonal mir- 
ror rotating up to 3000 rps. At the peak speed, the 
mirror provides a writing speed of 3.9 millimeters 
per microsecond for a total writing time of 50 
microseconds. The 70-mm wide film used provides 


ROTATING 
£7 DRUM CAMERA 


Figure 7. Instrumentation on Test Rig No. 1. 


large images which enhance the accuracy in the 
data reduction. Typical test results obtained with 
this camera are shown in Figures 8 and 9. 


Light Probes 


Two photocells (1P42) spaced a known distance 
apart have been used to determine the leading edge 
plasma velocity leaving a given nozzle as well as 
plasma front velocity distribution beyond the nozzle 


Figure 8. Typical Streak Photograph—Film Motion Per- 
pendicular to Thrust Axis. 


Figure 9. Typical Streak Photograph—Film Motion Paral- 
lel to Thrust Axis. 


A.S.N.E. Journal, November, 196! 751 








PLASMA PINCH ENGINE EXPERIMENTS 





GRANET & GUMAN 





exit. The technique used is essentially that em- 
ployed by other investigators in the field of plasma 
physics. This technique has been refined consider- 
ably through the extensive use of light shields, long 
light tubes and electrical shielding. A typical light 





igs 


Figure 10. Light Probe and Instrumentation Arrangement 
—Test Rig No. 2. 
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Figure 11. Close-up of Light Probe Arrangement—Test 
Rig No. 2. 





Figure 12, Interior of Test Chamber—Test Rig No. 2. 
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Figure 13. Typical Oscilloscope Traces from Light Probes. 


probe installation is shown in Figures 10, 11, and 
12. A typical result is shown in Figure 13. 


Magnetic Probes 


Small diameter, electrostatically shielded coils 
are being used at Republic to probe the magnetic 
fields set up during pinch discharges. This tech- 
nique is well known and has been used extensively 
in thermonuclear work. From the voltages induced 
in the probes, information can be obtained on the 
magnetic pressure, the skin thickness, electrical 
conductivity of the plasma and velocity of the plas- 
ma motion. A typical magnetic probe is shown in 
Figure 14. Probe calibration tests are still in pro- 
gress. The magnetic probe calibrating rig is com- 





Figure 14. Magnetic Probe. 


posed of a parallel rail plasma accelerator located 
in a vacuum chamber. This calibrating rig with the 
magnetic probe in place is shown in Figure 15. 


Thrust Measuring Devices 


To obtain some quantitative data on the thrust 
developed by Test Rig No. 2 a ballistic pendulum 
was designed and tested at Republic. Figure 16 
shows this pendulum installed over the nozzle exit 
of a typical nozzle. The pendulum deflection as a 
function of the capacitor energy being discharged 
per unit mass of propellant being accelerated is 
shown in Figure 17. Since a ballistic pendulum can 
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Figure 16. Ballistic Pendulum Mounted in Test Rig No. 2. 


PENDULUM. DEFLECTION AS A FUNCTION 
OF THE CAPACITOR ENERGY PER UNIT MASS OF PROPELLANT 
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Figure 17. Ballistic Pendulum Test Results. 


never truly give correct thrust readings of a pulsed 
plasma accelerator, work is now in progress to sus- 
pend a self contained plasma pinch engine on a pen- 
dulum type thrust stand. The engine and the thrust 
stand will be mounted in a large vacuum chamber. 
The latest design of the thrust stand will support 
the engine in an inverted vertical cantilever fashion 
on modular flexures. The restoring moment of the 
flexures is counteracted by an adjustable counter- 
poise. An adjustable damping unit will also be pro- 
vided. This instrument, shown in Figure 18, will 
provide accurate readings of the thrust developed 
by the plasma pinch engine taking into account the 
thrust developed by the momentum efflux as well 
as the pressure forces generated. Based upon these 
thrust measurements the ballistic pendulum will be 
calibrated. 


STEADY STATE CALIBRATOR 
(LEVER TYPE) 





IMPULSE CALIBRATOR 
( PENDULUM TYPE) 


VACUUM CHAMBER 
FLEXURE 


ELECTRICAL POWER 
Figure 18. Proposed Thrust Stand-Aeroscience, Inc. 
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Surface Thermocouples 


Two surface thermocouples have been obtained 
for the purpose of measuring the surface tempera- 
ture as well as for “time-of-arrival” measurements. 
These thermocouples have a response of less than 
a microsecond. This rapid response is achieved by 
having the thermal junction of the surface thermo- 
couple at the interface of a polished coaxial assem- 
bly and a junction thickness of only one micron. 
One of these thermocouples is shown in Figure 19. 





Figure 19. Rapid Response Surface Thermocouple. 


Schlieren Shadowgraph System 


The Schlieren Shadowgraph system shown in 
Figure 20, has been designed and built to study the 
flow of moving plasma in the region of objects in- 
serted in its path and to obtain density gradients 
in various regions of flow. Furthermore, the equip- 
ment can be used to analyze the flow and distribu- 
tion of gases between electrodes and also in the 
vacuum chamber in the absence of an electrical 
discharge. This system is designed to contribute in- 
formation to improve the design of gas triggering 
equipment (to aid in the establishment of the best 
time for pinch or discharge after gas injection and 
to give indications of the rate of expansion of gas 
into the vacuum chamber). This system will be 
used in conjunction with a pulsed Kerr Cell to map 
flow and density patterns at precise times after 
initiation. Streak back lighting has also been at- 
tempted. A Kerr Cell having an effective exposure 
time of five millimicroseconds mounted on Test Rig 
No. 1 is shown in Figure 7. 


Velocity Spectrometer 


A probe was developed to discern the velocity of 
electrons and ions in a localized area of a low den- 
sity moving plasma. This probe, shown in Figure 21, 
is used to map out the variation of particle velocity 
at different distances and positions from the plasma 
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Figure 21. Velocity Spectrometer. 


source. To accomplish this, a narrow beam of plas- 
ma is directed into a cavity across which a mag- 
netic field is applied. The field causes separation of 
particles to either side of the beam, according to 
their charge. Two plates are placed in the paths of 
the particles, one for the negative stream and one 
for the positive. A “stopping” potential can now be 
applied to each plate and by variation of the po- 
tentials the particles can be stopped. From the po- 
tentials applied, an estimate can be made of the 
particle speed. The plot of the percentage of par- 
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ticles stopped for each applied potential gives an 
indication of the distribution of velocities within 
the sample taken. 


Experimental Results 


In this section, specific experimental results are 
cited which were obtained at the Plasma Propul- 
sion Laboratory, and which are pertinent to the 
understanding and evaluation of a space propulsion 
system utilizing the pinch process. 


Plasma Velocity 


One of the significant parameters of interest in a 
propulsion system is the plasma velocity. To date 
the principal methods of measuring the plasma ve- 
locity have been streak photography and light probe 
measurements. These techniques, which are com- 
monly accepted in the field of plasma physics, can 
only be reliably used to measure the velocity or 
time of arrival of luminous fronts. At Republic, the 
plasma velocity has been measured both in the 
inter-electrode space and at the exit of electrode 
nozzles. For plasma velocity measurements in the 
inter-electrode space, slots and light shields have 
been incorporated in a nozzle set (see Figure 11), 
and streak photography was employed. A typical 
streak protograph taken in a set of parallel plate 
electrodes is shown in Figure 22. From the slope of 
the luminous trace the plasma velocity at any sec- 
tion along the nozzle has been evaluated. While 
these measurements are important for understand- 
ing the physical flow processes inside a given nozzle, 
for propulsion purposes it is more important to 
know the plasma velocity leaving the nozzle. To 
measure the velocity of the exiting plasma, both 
streak photography and spaced light probes were 
employed. 

In streak photography, information on plasma 
motion can be obtained either by moving the film 
normal or parallel to the plasma motion. Both 
techniques have been employed at Republic. Mo- 
tion of the film normal to the exiting plasma pro- 
vides information on plasma velocity analogous to 
that obtained in the inter-electrode space of the 
nozzles. Figure 8 is a typical streak photograph ob- 
tained with the rotating mirror camera with the 
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Figure 22. Typical Streak Photograph of Radial Pinch 
Motion, 


film motion normal to the direction of plasma flow. 
Such traces have been used to evaluate the plasma 
velocity at the exit and beyond the exit of the 
nozzle. Velocities evaluated by this technique have 
been found to be consistent with those obtained 
using spaced light probes at and beyond the nozzle 
exit. 

By properly arranging the rotating mirror cam- 
era, it has been possible to obtain photographs with 
the film motion parallel to the direction of the exit- 
ing plasma. This technique has yielded interesting 
and significant information on the electro-gas dy- 
namical interactions. Figure 9 shows a typical re- 
sult, and it will be noted that the pinch discharges 
are well defined and discrete. 

As mentioned above, plasma velocity determined 
by spaced light probes gave results consistent with 
those obtained by use of streak photography. Since 
more data can be had in a given time with spaced 
light probes, this latter technique has been used 
predominantly for rapid comparisons of the effect 
of various nozzle contours on ejected plasma ve- 
locity. With the spaced light probe installation re- 
ferred to under diagnostic devices, consistent 
results have been obtained. Figures 23 and 24 show 
the test results with current and light probe traces, 
respectively, taken at the same time. To show re- 
peatability, the top trace of each figure has five con- 
secutive traces superimposed on each other; the 





Figure 23, Superimposed Current Traces to Demonstrate 
Reproducibility. 
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center trace has two consecutive traces superim- 
posed and the lower trace is a single trace. Repeat- 
ability of test results has been definitely established. 
From the known spacing of the light probes, the 
sweep speed of the oscilloscope and the delay in the 
signal shown in Figure 24, the average plasma ve- 
locity is readily determined. 

Figures 25 through 30 show the experimental re- 
sults obtained at Republic with various electrode 
nozzle contours as tested in Test Rig No. 2. These 
figures present the exit velocity in meters per sec- 
ond as a function of the voltage applied to the elec- 
trode nozzles. The capacitance used was 300 micro- 
farads in all cases. Two of the many nozzles tested 
are shown in Figures 31 and 32. From these results 
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Figure 24. Superimposed Light Probe Traces to Demon- 
strate Reproducibility. j 
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Figure 28. Velocity as a Function of Voltage for a Re- 
duced Diameter Quarter Circle Electrode. 
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it has been concluded that some nozzle configura- 
tions are not too well suited for a practical propul- 
sion device. However, such configuration as a nozzle 
whose center-line is a quarter circle and which has 
an inter-electrode gap spacing of one-half inch, as 
well as radially dominant nozzles, appear to be well 
suited for propulsion applications. For example, 
Figure 25 shows the test results obtained with the 
radially dominant nozzles. By varying the applied 
voltage from 800 to 6000 volts, the exit velocity was 
found to vary from about 20,000 meters per second 
to about 170,000 meters per second. If one can talk 
of a “local specific impulse,” this would encompass 
a range from 2000 to 17000 seconds. For a given 
applied voltage the quarter circle nozzle referred to 
accelerated the ejected plasma to an even higher 
velocity. Figure 29 shows the test results with these 
quarter circle nozzles. It will be noted that for the 
nozzle shapes tested the exit velocity varied linear- 
ly with the applied voltage over the range of vari- 
ables investigated. 

The axial variation of ejected plasma velocity has 
also been measured. Figure 33 shows the results for 
the radially dominant nozzle at 3000 volts and 300 
microfarads. The results were obtained by making 
measurements over a 0-2, 0-4, 0-6, 0-8 inch spacing, 
as well as measurements from 0-2, 2-4, 4-6, 6-8 inch 
spacing beyond the exit of the nozzle. From these 
data it appears that the velocity as indicated by the 
light probes decays rapidly in the axial direction. 

Light probe traces on a slower oscilloscope time 
sweep are shown in Figure 34. Several discrete 
pinches can be observed to emerge from the nozzle 
exit, in accordance with streak photo results as 
shown in Figure 8 and 9. 
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Figure 33, Axial Velocity Variation in Radially Dominant 
Electrodes. 
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Figure 34, Light Probe and Simultaneous Current Traces 
with Reduced Time Scale-10 usec/cm. 


It is also interesting to note that in Figure 33 the 
light probe indications of discrete pinches coincide 
very nearly with the time the current goes through 
zero. This and the streak photographs have fur- 
nished preliminary evidence that a new pinch is 
formed at the outer periphery each time the cur- 
rent goes through zero. Another conclusion is that 
any residual mass not picked up by the first pinch 
passing through the nozzle is picked up by the sub- 
sequent pinch and ejected at a velocity comparable 
to the mass ejected with the first pinch. Even 
though less energy is available to the second pinch, 
it must be remembered that less mass is available. 
Streak photographs such as Figure 8 show that the 
plasma velocity of subsequent pinches in a given 
electrical discharge is indeed comparable to that of 
the first discharge. This mode of operation shows 
that apparently all of the fronts will be ejected at a 
high velocity and, therefore, the average velocity of 
the total mass accelerated is also probably high. 
Based upon these studies, it has also been tenta- 
tively concluded that most of the injected mass is 
involved in the acceleration process. Further 
studies on this subject are in progress. Of course, a 
mass averaged velocity based on the total mass ac- 
celerated and the measured thrust will be a more 
useful parameter for system studies. 


Mass Measurements 


The quantity of mass injected into the nozzle per 
pinch has been determined by measuring the 
change in pressure and temperature in a propellant 
storage tank (including the lines to the valve) of 
known volume which was chosen to yield results 
within five per cent. The effect of pulse rate as well 
as the effect of propellant storage tank pressure on 
the quantity of mass injected has also been deter- 
mined for Test Rigs No. 1 and No. 2. Figure 35 
shows the results obtained for Test Rig No. 2. From 
such an experimentally determined plot, it is pos- 
sible to obtain the total quantity of mass injected 
per pinch. It was furthermore desirable to learn 
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Figure 35. Valve Calibration for Injected Mass Deter- 
mination. 


how much of this injected fluid would leak from 
the exit of the nozzle before the pinch arrived. For 
this purpose, tests have been carried out with a 
setup shown schematically in Figure 36. In these 
tests the elapsed time between the opening of the 
propellant valve and the initiation of the pinch was 
compared with the elapsed time between the open- 
ing of the propellant valve and the arrival of the 
injected propellant at the exit of the electrode 
nozzle. This latter time was determined by the 
breakdown of a small auxiliary parallel plate ca- 
pacitor placed at the exit of the nozzle with the 
plane of the plates parallel to the flow direction. 
The breakdown occurred because of a pressure rise 
between the plates. This auxiliary capacitor was 
previously calibrated to determine its own pres- 
sure-voltage breakdown characteristics. The volt- 
age across this probe was adjusted so that the probe 
would break down when the pressure increased a 
few microns above the pressure in the vacuum sur- 
rounding the electrode assembly. These tests have 
shown that it is possible to operate Republic’s plas- 
ma pinch engine in a manner that essentially none 
of the injected propellant is lost prior to the pinch 
arriving at the exit plane of the nozzle. 
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Figure 36. Schematic of Mass Utilization Program. 





Figure 37. View of Ejected Plasma Using a Newtral Den- 
sity Filter. 


Time exposures utilizing variable density filters 
have also been used to qualitatively examine the 
distribution of plasma mass at and beyond the 
nozzle exit. Figure 37 is a typical result. It has been 
determined that the plasma ejected occupies the 
full nozzle exit area and experiences very little 
flare-out in the vacuum into which the plasma is 
injected. 


Electrodynamic Parameters of the System 

The frequency of discharge of the circuit can 
readily be evaluated from current traces such as 
those of Figure 23. Through a systematic reduction 
of circuit inductance it has been possible to increase 
the ringing frequency from 25 Ke for Test Rig No. 
1 to about 50 Ke for Test Rig No. 2. Prototype Test 
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Figure 38. Voltage Breakdown Curve for Nitrogen-Test 
Rigs No. 1 and 2-Radially Dominant Aluminum Electrodes. 


Engine No. 3 will have a higher ringing frequency 
than Test Rig No. 2. It has already been pointed out 
that the higher ringing frequency is desirable from 
the point of view of pinch initiation. 

The inductance of Test Rig No. 2 was calculated 
from measurements of the ringing frequency, f, as 
the capacitor bank was decreased from 10 capaci- 
tors to 5 capacitors. (The capacitors were 30 micro- 
farads each.) 

It was assumed that the resistance of the rig was 
negligible and that the inductance, L, is given by: 


_L.+L, 
=- “a 


L 
Where 


L.=inductance of a single capacitor and its connect- 
ing cable 

L,=inductance of the remainder of the circuit 

n= number of capacitors in the bank 


When the measured data were fitted to the equa- 
tion by the method of least squares, the following 
values were obtained. 


L,=1.56 x 10-* henrys 
L,.=2.43 x 10-7 henrys 


Thrust 


Early estimates of the thrust were based on 
knowing the quantity of mass injected and velocity 
of the plasma ejected. To further demonstrate the 
thrust-developing capabilities of the vertically 
mounted Test Engine No. 1, a specially designed 
lightweight cup was placed in the stream of the 
ejected plasma. This technique had many shortcom- 
ings. To obtain some quantitative data of the thrust 
developed by Test Rig No. 2, a specially designed 
ballistic pendulum was used (Figure 16). The pen- 
dulum deflection was measured and plotted as a 
function of the stored capacitor energy per unit 
mass of plasma ejected. The results are shown in 
Figure 17. Since such a ballistic pendulum can 
never truly measure the thrust developed by a non- 
steady pulsed device ejecting compressible plasma, 
it is intended to mount the self-contained Prototype 
Engine No. 3 on a pendulum type thrust stand in a 
vacuum chamber. Most of the preliminary studies 
on this have already been carried out, and the 
thrust measuring device referred to earlier will be 
available for testing in the near future. 


Pinch Initiation 

In the Republic pulsed plasma pinch engine, the 
pinch is initiated by the injection of gas into the 
inter-electrode space near the outer periphery. For 
both a fundamental understanding of the formation 
of the pinch as well as to obtain data necessary for 
the reliable operation of the engine, experimental 
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studies on the initial breakdown characteristics of 
the propellant in the inter-electrode space have 
been performed. Figure 38 shows the voltage-pres- 
sure breakdown curves (Paschen curves), for the 
radially dominant nozzles in both Test Rigs No. 1 
and No. 2 with nitrogen under static conditions. It 
has also been determined that these curves are a 
function of the electrode surface conditions and the 
gas used. By reference to these curves it has been 
possible to predict the proper operating voltage 
levels for the case of injected propellant. 


Since efficient energy utilization is obviously of 
importance to a space propulsion device, an effort 
has been made to study the minimum energy re- 
quirements for a pinch as a function of system re- 
quirements. Table I shows some of the data from 
these studies taken on Test Rig No. 2 with a con- 
stant capacitance of 120 microfarads. This table 
shows whether a pinch was formed at all and the 
type of pinch, all based upon streak photographs of 
the inter-electrode space. Data on other gases and 
gas mixtures have also been taken as part of this 
overall program. 


The third item under the heading of pinch initia- 
tion that has been investigated is the study of time 
lags in gaseous discharges. Preliminary work re- 
ported in Republic’s AFOSR TN-60-59 [1] indicates 
that the time lag in the discharge is a function of 
capacitor energy, pressure and type of gas. It was 
concluded that the greater the capacitor energy and 
gas pressure the shorter the time lag. There is also 
a sharp decrease in the time lag once a critical ca- 
pacitor voltage is exceeded. 


The entire program of pinch initiation is a con- 
tinuing part of the fundamental and applied studies 
being investigated in the Plasma Propulsion Labo- 
ratory. 
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eae WE AFFORD to crowd ourselves out of the 
radio frequency spectrum? 

Today that is the most pertinent question in the 
electronic field where radio frequency interference 
(RFI), which has always been an annoyance, has 
now become a major problem. With the ever-in- 
creasing number as well as the growing sensitivity 
of electronic installations, radio interference prob- 
lems have multiplied drastically. Missile failures, 
communication jamming, radar blanking, collisions 
at sea and in the air are but a few of the catastro- 
phes directly traced to RFI. 

Since the early days of wireless communication 
at the turn of this century, interference has created 
an annoyance in one form or another. In those days, 
moving to an unused higher frequency provided a 
temporary solution. This practice alone was pri- 
marily responsible for the exploration of new fre- 
quency spectra constantly moving toward the 
wavelength of light. By the early 1920’s the frontier 
had been pushed to the 10 megacycle range. By the 


early 1930’s, to the 30 megacycle range. And by the 
early 1940’s, developmerts in the 200-600 megacycle 
range were well established. The advent of World 
War II was accompanied by an additional push of 
the spectrum to accommodate new forms of infor- 
mation retrieval, such as radar. 

On the heels of increased spectrum development 
for relief of congestion came two more factors that 
compounded the problem at a tremendous rate. To 
obtain greater range both transmitter power and 
receiver sensitivity were increased. These factors 
contributed significantly to the RFI problem. 

Although the compounded results are obvious, 
integrated efforts to overcome the mounting difficul- 
ties have evolved slowly. During the late 1940’s the 
problem was recognized by various groups both in 
the military and in industry. Generated out of the 
resulting concern was a tri-service contract issued 
to the Armour Research Foundation in 1953. It was 
initiated to deterrnine the magnitude of the prob- 
lem, to obtain recommendations for investigation in 
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Panoramic display of a portion of the spectrum at Cape 
Canaveral seen on a spectrum analyzer, showing amplitude 
of signals in a 160 megacycle band. Crowded conditions that 
contribute to the compatibility problem at this vital military 
base are clearly indicated. 


technical and administrative areas, and to obtain 
recommendations for establishing a suitable inter- 
ference reduction program. 


Additional orientation on interference came in 
1954 through the organization of the First Confer- 
ence on Radio Frequency Interference, jointly 
sponsored by government agencies and ARF. Other 
similar conferences have since taken place, and im- 
portant advances have been made in suppression 
techniques. 


The most significant move toward the control of 
RFI, however, is evolving out of the decision of the 
Department of Defense (DOD) to unify the efforts 
of all three services in an overall electromagnetic 
compatibility program. At the hub of this program 
is the establishment of the Electromagnetic Com- 
patibility Analysis Center at the U.S. Naval Engi- 
neering Experiment Station in Annapolis, Md. The 
technical operation of this facility is to be conducted 
by ARF, which has been awarded a $2 million con- 
tract for this purpose by the Electronic Systems 
Division (Hanscom Field, Mass.) for the Air Force 
Systems Command. 

The activities of the Analysis Center will neces- 
sarily focus on determining the degree of electro- 
magnetic compatibility—i.e., interference-free oper- 
ation—in existing and proposed military situations. 
The degree of compatibility, however, is not the 
only concern. What must be resolved is the realiza- 
tion of electromagnetic compatibility for a given 
military situation. To this end, the Analysis Center 
will team technical and administrative talent for 
developing and applying techniques relevant to the 
solution of an immense accumulation of existing 
and forthcoming RFI problems. 

This facility will include not only 80 to 90 tech- 
nical personnel trained in the use of electronic and 
mathematical techniques, but also a large digital 
computer facility. The Analysis Center will be re- 
sponsible to the DOD through a director supplied 
by the military. The director will report to the DOD 
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A target aircraft appearing as a dot on this radar scope 
would be impossible to identify among the numerous dots 
caused by RFI. 
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and the Joint Chiefs of Staff. The Army, Navy, and 
Air Force will each have a support group that can 
contact the Analysis Center directly with problems. 

Assistance in establishing the Electromagnetic 
Compatibility Center will be provided by the Engi- 
neering Experiment Station of Georgia Institute of 
Technology, which has been subcontracted for this 
endeavor by ARF. 

To understand the various functions that must 
be performed at the Center, it is best to consider 
first the given input and output information re- 
quired. Input information consists basically of mili- 
tary situations and equipment deployment (envi- 
ronmental data) as well as the data regarding the 
characteristics of electronic equipment (spectrum 
signatures). The required outputs are descriptions 
of environmental interaction, frequency allocation 
data, operational procedures needed to increase 
compatibility, and possible interference and suscep- 
tibility reduction measures for offending equipment. 
From these results better utilization of the radio 
frequency spectrum, both in the frequency alloca- 
tion and equipment characteristics areas, should be 
obtained. Although initial emphasis will be placed 
on radar, the Analysis Center will eventually attack 
problems in the communication area. 

Since the spectrum signatures of equipment are 
rather complex and hand calculations of the inter- 
action of equipment are quite lengthy, it is obvious 
that automatic processing must be used to evaluate 
compatibility in any realistic military situation. 
This requires that spectrum signatures and environ- 
mental data must be maintained in a central library 
in a form that is suitable for a computer. In order 
to process these data one must use a mathematical 
model which is a computer representation of the 
situation and physical phenomena to be analyzed. 

Data processing techniques for analysis of com- 
patibility are relatively new, and effort must be 


a, 


directed toward refining these and developing more 
sophisticated computer programs for analysis. In 
addition, techniques of operations research must be 
developed and applied to determine optimum fre- 
quency allocations and operational procedures that 
will enhance compatibility. Methods of handling the 
immensely complex results of the analysis must also 
receive consideration. This requires research in the 
application of data read-out systems, map printing, 
and environmental display techniques to facilitate 
comprehension of staggering quantities of inter- 
related data. 

Another factor that will be considered is the 
validity of the data to be used. As experience is 
gained in compatibility analysis, the accuracy and 
types of data required will change in order to obtain 
more meaningful results. The Analysis Center staff 
must respond to these changes by aiding in revisions 
of data collection standards, both in the spectrum 
signature and environmental data areas. Measure- 
ment techniques must be reviewed and revised 
periodically, taking into account resulting data 
accuracy, ease of measurement, and instrumentation 
requirements. 

It is anticipated that the analytical results will 
point up problems in equipment characteristics. 
Possible corrective measures for reducing interfer- 
ence susceptibility and undesired radiation must be 
proposed. These may take the form of equipment 
circuit modifications or addition of selective filters. 
In certain cases, it may be wise to replace certain 
types of equipment because of poor compatibility 
characteristics. 

In the case of equipment under development, 
compatibility analysis can be a design aid by point- 
ing out which equipment characteristics need im- 
provement. Along these lines, technical personnel 
must not only be familiar with the state of the art 
in interference reduction but must also be aware of 
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new equipment developments. New techniques in 
the rapidly changing electronics art must be ex- 
amined for possible interference problems so that 
electromagnetic compatibility will be considered by 
the designers of future complicated equipment. This 
is of paramount importance since equipment de- 
signed for compatibility will cost far less than equip- 
ment that has to be modified to reduce interference. 

The knowledge that the Electromagnetic Com- 
patibility Analysis Center will accumulate must be 
made available to others concerned with various 
facets of the overall compatibility program if the 
maximum benefit is to be obtained. To this end the 
Analysis Center must aid the military services by 
providing required consultant services and by pre- 
paring information to be included in manuals and 
specifications. 


Anticipated areas of consultation include equip- 
ment standards, measurement techniques, instru- 
mentation, data collection methods, interference 


reporting techniques, field tests, susceptibility and 
interference reduction techniques and devices, 
transmitting and receiving equipment, future equip- 
ment requirements, simulation methods, and design 
procedures for equipment. 

Obviously the present dilemma in the electronic 
field is both extensive and intricate. The answer to 
the question, “Can we afford to crowd ourselves 
out of the radio frequency spectrum?” is also clear. 
To escape chaos, complete control of RFI will be a 
necessity in the coming years as the frequencies of 
countless new devices are crammed into an already 
crowded spectrum. And to realize the full potential 
of the ultra-sensitive electronic equipment in ad- 
vanced radar systems, world-wide communication 
networks employing satellites, and in interspacial 
contact, we must obtain electromagnetic compati- 
bility. The first major step toward this objective is 
the initiation of the DOD compatibility program 
and the establishment of the Electromagnetic Com- 
patibility Analysis Center. 


MOVABLE ARM FOR TRIESTE 


The Navy's deep-diving bathyscaph Trieste is to be fitted with a mov- 
able arm that can reach out and pick up materials from the ocean floor 


during its exploratory dives. The mechanical arm manipulator is being 
manufactured by General Mills' Nuclear Equipment Department, Minne- 
apolis, Minnesota. 


The arm is being built to withstand pressures up to nine tons per square 
inch. The Trieste was subjected to a pressure of 7.9 tons per square inch 
during its record-breaking dive to 35,800 feet at the bottom of the Mari- 
anas Trench off Guam in the Pacific. The mark was set by Lt. Don Walsh 
USN and M. Jacques Piccard in January 1960. 


The manipulator will be equipped with oil-filled units to equalize pres- 
sures on motors and other critical parts. It will provide six motions: grip; 
wrist; elbow and shoulder bending; and rotation of wrist and shoulder. It 
will be mounted directly ahead of the steel sphere suspended below the 
Trieste. Men inside the sphere will control the arm by individual switches 
that provide direction and variable speed control for each motion. 


The Trieste program is jointly sponsored by the Office of Naval Re- 
search and the Navy's Bureau of Ships. 
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INTRODUCTION 


| * THE DESIGN of integrated thermal systems in 
modein aircraft, ships, and central station layouts, 
the engineer is increasingly confronted with prob- 
lems in which several heat exchangers are inter- 
connected and in which more than two fluid flows 
are involved. Consider, as a hypothetical example, 
a fictitious arctic installation which uses 300 F inlet 
hot water supplied by a nuclear heating plant to 
provide hot air for living spaces and also to heat 
a separate hot air stream which warms the hangars 
and shops. Because of ducting distance, the hangar 
air must be heated to 250 F and will return at 20 F 


while the nearer living areas require only 120 F air 
which returns at 60 F. Preliminary considerations 
lead us to the arrangement in Figure 1 in which 
three cross-flow, water-to-air heat exchangers are 
linked, with the water flowing through each in 
turn. The first and third units carry only the hangar 
air, while the center unit handles both the hangar 
and living spaces air. In a practical case, we might 
be given the air flows and wish to adjust the water 
flow to minimize both the size of the three units 
and the heating load on the reactor. 

Similar classes of problems might occur in an air- 
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Figure 1. Flow diagram of a hypothetical space heating 
system having two air flows and a single hot water flow. 


craft in which cabin-air, oil, and de-icer air might 
require some sort of interrelated thermal processing 
or in a ship having varied thermal requirements for 
its evaporators, space heating, engine oil, and pos- 
sibly a variety of electronic mechanisms demanding 
a special temperature environment. Such problems 
are usually quite lengthy and can become very con- 
fusing if a number of arrangements are to be ana- 
lyzed. Both speed and clarity result when a graphi- 
cal approach is used, involving the so-called operat- 
ing-line, equilibrium-line analysis. This method, in 
turn, is rapidly worked using a simple and readily 
constructed device, similar to a protractor, which 
will be described in this paper. 


THE OPERATING-LINE METHOD 


The graphical method of heat exchanger design 
extensively developed by Kays and London [1] re- 
quires the use of the so-called Effectiveness-NTU 
method, which is now well covered by most modern 
heat transfer texts [2], [3], [4]. To analyze a heat 
exchanger graphically, we simply plot the tempera- 
ture of the hot fluid(s) along the ordinate and the 
temperature of the cold fluid(s) along the abcissa. 
The equilibrium line is simply the line at 45 de- 
grees specified by the equation, T,=—T., As noted 
in Figure 2, no point within a heat exchanger can 
lie underneath this equilibrium line since such a 
construction would imply a hot fluid colder than a 
cold fluid. From the First Law of Thermodynamics, 


C,,(T), in— Th, eard =C, (T., out” 3, in) eoecees (1) 


where the C’s stand for capacity rates equal to the 
mass flow of a fluid times its specific heat. We de- 
fine the operating line of a heat exchanger as the 
straight line on the diagram connecting the point 
defined by (T,, T.) at one end of the unit and 
(T,’, T.’) at the other end of the unit. For a coun- 
ter-flow unit, the two pairs of temperatures are 
(Ty. in—Te, out) and (Th, out—Te, in) aS shown on Fig- 
ure 2. The slope of such a line is AT,/AT. which, 
from Equation 1, is equal to C./C,, the capacity 
rate ratio. The effectiveness of a heat exchanger is 
defined as 


_C,(T,, out —Ze in) = C, (T,,, in wi out) (2) 
Qe es in —T,, in) By Crrin(Th, in —T., in) ne free 
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Figure 2. A diagram showing the nomenclature of the 
operating-line, equilibrium-line graphical representation of 
the two general classes of counterflow heat exchange. 


where C,,;, refers to the minimum or smaller of the 
two capacity rates. When C, equals C,;, for a 
counterflow unit, the slope of the operating line is 
greater than 1 and the effectiveness (from Equa- 
tion 2) is equal to the temperature change of the 
hot fluid divided by the hot temperature-in minus 
the cold temperature-in. This denominator can be 
represented by a vertical distance (ATmax) as shown 
in Figure 2. Note that the T., ;, temperatures can be 
“transferred” to the hot axis by use of the equilibri- 
um line. Thus the ratio of these two lengths on the 
plot, AT, and AT,n»ax, represents the effectiveness for 
this case. When C, is Cnin, we represent the effec- 
tiveness as the ratio of two lengths in a horizontal 
sense as shown in Figure 2. Examination of the 
noted references will show that parallel flow can 
also be easily sketched, and has an operating line 
with the negative slope. 


MECHANICAL DETERMINATION OF THE VARIABLES 


The operating line graph represents Equation 2. 
For a single unit, we would not usually bother with 
a graphic approach, but when several units are in- 
terconnected, this becomes worthwhile. Indeed, in 
the so-called indirect coupled systems [5], analysis 
without the help of a diagram is often formidable. 
In a given problem we may know the position (tem- 
peratures) of one point on the operating line, plus 
its slope (capacity rate ratio), and wish to find the 
effectiveness. Or we may know the unit effective- 
ness and one or more temperatures and wish to 
compute the capacity rate ratio. Or we may be 
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given the effectiveness and capacity rate ratio and 
need one or more temperatures. Whatever the prob- 
lem, the simple mechanical computer in Figure 3 
will make the task easier, particularly if repeated 
trials are to be undertaken as is so often the case 
in an optimization study. Further, the computer 
may prevent some of the errors that can result 
when the minimum becomes the maximum fluid 
during a series of computations having changing 
inputs. 
The computer solves the equation, 


oR a csintidicnnchevdes (3) 


It is most easily constructed from a transparent 
plastic right triangle having 45 degree corners. The 
inside is cut out as far as practicable and a movable 
arm pivoted as shown. When the arm lies along the 
equilibrium line, it crosses the e-scale at the 100 per 
cent point. When the moveable arm lies at 45 de- 
grees to the operating line, it crosses the e-scale at 
0 per cent. The « scale is linear between 0 and 100 
per cent. 

The triangular portion of the computer can be 
used to insure that slope errors are not present. 
With the apparatus oriented as in Figure 4, move 
the pivot point to the upper end of the operating 
line. If the operating line lies below the 45 degree 
edge of the apparatus (line B in Figure 4) then 
C./C, is greater than 1, C, is the minimum and we 
should work with distances in a vertical direction, 
along the hot temperature axis. This is the case 


























Figure 3. This sketch shows the construction details of the 
simple effectiveness computer (solid lines) and also indi- 
cates how it would compute C for a heat exchanger having 
an operating line as shown by the dotted lines. 
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Figure 4. The simple computer is here placed so as to de- 
tect the magnitude of the slope of operating lines in relation 
to unity. (A slope less than, B slope more than one.) 


shown in Figure 3. If, however, the operating line 
lies above the 45 degree edge (line A in Figure 4) 
then the computer is incorrectly aligned for the 
problem at hand. It should be turned over and ro- 
tated so that the distances AT and AT wax refer to the 
cold temperature axis. This quick check should be 
made after or before each graphical calculation, de- 
pending on whether the line is known or not. 

Parallel flow can also be analyzed using this de- 
vice, but is seldom encountered in practical design 
work. 

Several types of problems can be quickly worked 
using the computer and a sheet of graph paper. For 
example: Given: T.. in, Th, in, ¢, and C./C,. Solu- 
tion: first decide whether to work along the hot or 
cold axis by noting the value of the slope. Then 
align the horizontal edge in Figure 3 with either 
Th, in Or Te, in lines and slanted edge with the equi- 
librium line. Move the arm to the known e« and 
mark on paper where the arm edge intersects the 
other known temperature. Erect a line on this point 
with a slope of C,./C, to the first temperature. This 
latter construction is rapidly done with a small pro- 
tractor calibrated in slopes instead of degrees. 

As a second example: Given: hot and cold tem- 
peratures at one end, the capacity rate ratio, and 
one temperature at the other end. Solution: on the 
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graph, plot the point at the end for which both tem- 
peratures are known and then lay off the operating 
line with the proper slope, continuing it until it in- 
tersects the other given temperature. Place the com- 
puter on the diagram in the proper orientation and 
read « directly. With standard ten division-to-the- 
half-inch paper and operating lines more than an 
inch long it is possible to read effectivenesses to 
within 1 per cent consistently if the effectiveness 
scale is at least six inches long and marked at 24% 
per cent divisions of e. This assumes, of course, that 
the device is made and used with some care. For 
preliminary design work, this accuracy should be 
acceptable. The overall heat transfer coefficient is 
seldom estimated to better than five or ten per cent 
until the design region of interest is located. 


APPLICATION TO A NUMERICAL PROBLEM 


Let us now consider again the hypothetical sys- 
tem illustrated in Figure 1. Let us assume a water 
flow of 3000 Ibs/hr, a specific heat of the water of 
1 Btu/Ib, F and a specific heat of the air of .24 
Btu/lb, F. Then in unit No. 1 the capacity rate of 
the water, C, is 30001 or 3000 Btu/hr, F and the 
capacity rate of the air, C, is 6000.24 or 1440. The 
slope of the operating line is 1440/3000 or .48 and 
C. is the minimum fluid. On our graph paper (Fig- 
ure 5) plot the point (T;, i., T.. ou) for unit No. 1 
which is (300 F, 250 F) as shown in the system 
diagram, Figure 1. A line with a slope of .48 is now 
drawn from this point to the known cold water tem- 
perature into unit No. 1 which is 120 F, and the 
operating line is established graphically. Now the 
computer is placed on the graph so that lengths 
along the horizontal are compared, since C., is the 
minimum capacity rate. If the apparatus is placed 
on the diagram as shown in Figure 4, it will be seen 
that the operating line lies above the 45 degree line 
of the computer warning us that we must turn it 
over and rotate it to obtain «. The calculated T,,. \, 
is, from Equation 1, 237.6 F and the effectiveness 
from Equation 2 is .722. With a computer as de- 
scribed in the previous section and an operating line 
2% or more inches long an e of .72 is easily read. 
With effectiveness, overall heat transfer coefficient, 
and the flow arrangement known, an appropriate 
chart linking the capacity rate ratio, the number of 
transfer units and e can be consulted, and the neces- 
sary heat transfer area and unit volume computed. 
Details of this type of calculation are easily found 
in the noted references. Notice that we are working 
here with a cross-flow rather than a counterflow 
unit. This is possible in multiple unit systems when 
we know, as we do here, whether the overall ar- 
rangement is counterflow or parallel flow. 

Unit No. 2 can be worked out in the same way, 
noting that the capacity rate and slope is now 
2160/3000 or .72 since this unit has an increased air 
flow through it. Finally, unit No. 3 can be graphed 
as shown in Figure 5 and the effectiveness of this 
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Figure 5. The completed graphical solution of the system 
diagrammed in Figure 1. 


unit obtained. The overall computation is easily 


checked for accuracy using Equation 1 applied to 
the three units taken together, being careful to in- 
clude the energy sent into the air in unit No. 2. 


DISCUSSION 


The method of multiple unit heat exchanger de- 
sign described here should not be thought of as a 
replacement of more conventional analytic ap- 
proaches, but rather as a supplementary technique 
that is useful in certain situations. For the engineer 
whose thermal system computations deal entirely 
with single unit systems or only infrequently with 
connected units, straight computation using the 
slide rule is probably best. Even here though, an 
operating line sketch may clarify certain comvlex 
situations. Alternatively, a full dress optimization 
study using digital computing machinery cannot be 
done graphically nor would the inherent one or two 
per cent inaccuracy be acceptable in many such 
studies. 


For preliminary, exploratory work, however, 
where several variables must be studied together 
and ranges of interest blocked out, the graphic 
method is much the fastest and in the writer’s opin- 
ion, the clearest. In the hypothetical examvle con- 
sidered here, we might first wish to see if more than 
a single cross-flow unit should lie on either side of 
the unit carrying the two air flows, and whether the 
two air flows should be handled in separate units. 
The hot water flow would probably be varied over 
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several values, and both air flows would have, no 
doubt, a design range, rather than a single set flow. 
Farther, we might wish to investigate the stability 
of the system by introducing an “upset” or tempera- 
ture excursion in one of the fluid streams and see 
how this affected the load on the reactor and the 
other parameters. All such computations are easily 
done using graph paper and the mechanical com- 
puter. An engineer might spend one or two days on 
such preliminary number-manipulation, too little 
time to justify a large formal programming effort, 
yet enough to make clarification and simplification 
of the methods worth while. It would seem that the 
system of several interconnected heat exchangers 


Terry 
steam 
turbines 


Dependable, compact, efficient...Terry marine turbines are 
specially designed for driving generators, boiler-feed panes, 
fuel-oil pumps, compressors, etc., aboard ship. They are the 
result of over fifty years of experience in designing equipment 
for commercial and naval vessels. 

Turbines ranging from 5 to 3000 hp are built in the gee | 
solid-wheel design as well as in axial-flow, single-stage an 
multi-stage t 

Complete 
gladly furnished. 


THE TERRY STEAM TURBINE CO. 
TERRY SQUARE, HARTFORD 1, CONN. 


will become a larger and larger problem for engi- 
neers working in nuclear, solar, and similar modern 
areas. 
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HIGHER STEAM CONDITIONS FOR MARINE TURBINES 


At present, the most widely accepted steam conditions for marine tur- 
bines is about 600 Ib./sq. in. gauge at 850 deg. F. Fifteen years ago these 
conditions would have been about 400 Ib./sq. in. gauge at 750 deg. F. 
The difference between thse two levels has made possible savings in fuel 
consumption of from 4 to 5 per cent when using modern installations. A 
recent statement by the International General Electric Company, New 
York, recommends that the next major upward step should be to at least 
850 Ib./sq. in. gauge at 950 deg. F. This recommendation is based upon 
extensive studies of existing turbines, both land-based and in ships of the 
United States Navy, which successfully employ steam conditions in excess 
of those now recommended. With steam conditions at the new level, the 
company anticipate fuel saving of between 5 and 7 per cent over the 
former accepted level. For instance, for a single-screw propulsion plant 
rated at about 25,000 s.h.p., it is claimed that an all-purpose fuel rate of 
less than 0.465 l|b./s.h.p./hr. can be obtained. The company have an- 
nounced that they are now prepared to offer complete marine steam in- 
nounced that they are now prepared to offer complete marine steam in- 
stallations for opration at the advanced steam conditions and are pre- 
pared to quarantee the fuel rate. Assistance will be provided, if required, 
in the design and arrangement of those items, such as piping, valves, etc., 
which are not supplied as part of the "packaged" plant. 


The Shipbuilder and Marine Engine-Builder, March 196! 


BIOLOGICAL FOULING AND HULL CORROSION 


At the seventh meeting of a group of experts from 13 member coun- 
tries of the Organization for European Economic Co-operation, on the 
biological fouling and corrosion of ships’ hulls, it was announced that a 
report on the biological and hydrological characteristics of the European 
testing stations participating in the group's program will be published 
shortly. It was possible to gather considerable data on the rafts in use, 
the hydrological conditions of the water and the nature of the fouling 
encountered. This information is not limited to Europe alone, as data has 
been received recently from the United States of America and the British 
Commonwalth; the second part of this report, which is to appear at the 
end of the year, will deal with these extra-European testing stations. 

Furthermore, an international catalog with colored photographs and 
descriptions of the main marine fouling organisms found on ships coming 
into European ports is at present being prepared for publication. 

The meeting, held in France, discussed the work of the different sub- 
commissions of the group engaged in detailed studies of biology and 
ecology of fouling organisms, standardization of testing methods, funda- 
mental research, and corrosion of the underwater surface of ships’ bot- 
toms related to fouling. It was decided that further studies should be un- 
dertaken to unify rafts for comparative tests of biological fouling and 
that tests should be continued until 1963 to obtain comparative data with 
the testing stations of Spain, Portugal and the United States of America 
—countries which only recently joined the work of the group. In the field 
of fundamental research it was proposed to study the reaction of the 
different species of fouling organisms to toxins. 
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‘ines ARE A number of occasions where it is 
desirable to estimate the amount of steam in pounds 
that it takes to raise the pressure in a pressure- 
vessel a definite amount. The enclosed type table 
was very useful at the Naval Boiler and Turbine 
Laboratory in calculating catapult receiver steam 
quantities. It is thought that this can be applied to 
other type pressure vessels. A number of simplify- 
ing assumptions have to be made which aren’t 
strictly true but which enable an estimate which 
isn’t in error more than several per cent. It has to 
be assumed that a throttling action takes place with 
no work or heat passed out of the system, ie., a 
constant enthalpy expansio1 


The operation of the table is thus: © 

Divide pressure-vessel volume in cu. ft. by 1000, 
then multiply this by coefficient (see table). This 
will give the factor for steam weight increase for 
one psi pressure increase. Multiply factor by num- 
ber of psi increase to fill vessel. This will give steam 
increase in pounds to raise the pressure the speci- 
fied amount. 

To determine coefficient, first select the table in 
which the Pressure Before Throttling Point most 
nearly resembles the actual situation. Enter this 
table with the temperature before the throttling 
point and the pressure in the vessel. 
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FACTOR TO CONVERT PRESSURE-VESSEL PRESSURE INCREASE TO STEAM WEIGHT INCREASE 


Constant Enthalpy Expansion from Specified Pressure Before Throttling Point 


Pressure Before Throttling Point 1200 psi 


(Pressure Vessel Vol. : - 
= : S00) (Coeff.) Factor 


(Factor) (psi Increase)=lbs. of Steam Increase 
Coeff, Temp. Before Throttling Pt. 





620 640 660 680 700 


2.00 191 1.84 : 1.72 
2.00 192 1.84 
2.00 191 1.84 


1.99 : 1.83 


Pressure-Vessel—Pressures (psia) 





Pressure Before Throttling Point 1000 psi 


/Pressure Vessel Vol. 
( 1000 


) (Coeff.) Factor 


(Factor) (psi Increase)—lbs, of Steam Increase 
Coeff. Temp. Before Throttling Pt. 


580 600 620 640 


660680700 
206 197 199 18 177 1.71 1.66 
206 196 180 18 17% 171 16 
2.05 1.96 1.88 : 1.76 1.70 1.66 
2.04 195 1.88 ‘ . 1.70 81.65 
208 195 4187 ; 169 1.65 
203 194 187 . 4 169 1.64 


2.02 194 1.86 ‘ 3 169 1.64 


Pressure-Vessel—Pressures (psia) 


2.02 193 186 : A 1.63 





2.02 193 1.85 : : 1.63 
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Pressure Before Throttling Point 1100 psi 


(“es Vessel Vol. 


1000 ) (Coeff.) —Factor 


(Factor) (psi Increase)—Ilbs. of Steam Increase 
Coeff, Temp. Before Throttling Pt. 





580 600 620 


640 660 680 


Pressure-Vessel—Pressures (psia) 





Pressure Before Throttling Point 900 psi 


‘Pressure Vessel Vol. 
( 1000 


(Factor) (psi Increase)=Ilbs. of Steam Increase 
Coeff. Temp. Before Throttling Pt. 





) (Coeff.) Factor 





580 600 620640 


660 680 700 


Pressure-Vessel—Pressures (psia) 
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BACKGROUND 


iw GREAT OCEANS cover 70 per cent of the earth’s 
surface, as shown in Figure 1, and 70 per cent of 
these oceans lie between 10,000 and 20,000 ft. in 
depth. Hence, in man’s quest to explore, utilize, and 
to better understand the seas around him, he must 
develop high-strength hull structures which can 
withstand these deep-submergence pressures and 
still be sufficiently light in weight to carry a prac- 
tical payload of crew and equipment. 

The ideal characteristics for metals, which may 
be extended to apply to any material, for pressure- 
hull application have been summarized and dis- 
cussed at some length by Owen and Sorkin. [1] 
These characteristics are shown in Table 1. 

By virtue of their density, strength, and modulus, 
glass-reinforced plastics appear to have great prom- 
ise as a structural material for deep-diving sub- 
mersibles. Furthermore, reinforced plastics can be 
tailor-made to have high strength in preferred di- 
rections so that in this case isotropy is no longer 
a desirable characteristic. Other favorable proper- 
ties of these nonmetallics are their availability, 
formability, and nonmagnetic characteristics. 





TABLE 1 


Ideal Characteristics of Materials for 
Hydrospace Vehicles 


Density—-As low as magnesium (0.065 Ibs/cu in.). 

Yield Strength—300,000 psi. 

Moduli—Tension 4010° psi, shear 15X10° psi. 

Toughness—Will not fracture in a brittle manner un- 
der severe plastic deformation at 0 deg F or lower. 

Weldability—95-percent joint efficiency or greater in 
as welded condition for yield strength, toughness 
and fatigue strength. 

Formability—Hot formed or cold formed to shape 
without the necessity for subsequent heat treatment. 

Repairability—Weld repairable under service condi- 
tions. 

Fatigue—Notched fatigue strength of welded structure 
at least 90 per cent of unnotched fatigue strength of 
basic material for low-cycle, high stress and plastic 
strain conditions wherein number of peak stress 
cycles is 20,000 or less. 

Corrosion—Not susceptible to stress corrosion. Cor- 
rosion-fatigue strength equal to air-fatigue strength. 

Stability—Will not creep or change dimensions sig- 
nificantly under operating stress (75 per cent of 
yield strength). 

Isotropy—Mechanical properties identical in any plane. 
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Figure 1. Percentage Distribution of the Depth of the 
Ocean. 


Possible creep under long-term hydrostatic pres- 
sure, strength reductions due to cyclic fatigue, and 
aging are potentially serious shortcomings. There is 
also a problem with regard to achieving high- 
strength repairs. The magnitude of these shortcom- 
ings can only be established after extensive investi- 
gations. 

A survey of the literature showed that there was 
very little information on the design of shell struc- 
tures of composite materials, such as GRP, to with- 
stand high external hydrostatic pressures. Indeed, 
most work has involved comparatively thin-walled 
containers for internal pressure application. In the 
areas of interest to the pressure hull designer, in- 
formation is virtually nonexistent. Barnet and 
Lloyd [2] have reported on tests of small-diameter 
GRP cylindrical and hemispherical shells, some 
made of glass fabric and others of glass-roving type 
of reinforcement, which were subjected to moderate 
submergence pressures. Results of these tests did 
indicate that significant reductions in the allowable 
design stress were necessary for satisfactory per- 
formance under continuous immersion for periods 
up to one year. However, it appears fair to state 
that the materials available at this time are more 
efficient structurally than earlier materials. 

The apparent advantage of using glass-reinforced 
plastics as the material for cylindrical pressure hulls 
can be seen in Figure 2 for unstiffened cylinders 
and in Figure 3 for ring-stiffened cylinders. The 
curves show the predicted strength-weight charac- 
teristics for cylindrical shells of various materials 
loaded by external hydrostatic pressure. In the con- 
struction of the figures the same formulas were used 
for all materials. These formulas have been proven 
valid for metals but not, as yet, for anisotropic ma- 
terials such as reinforced plastics. The extensive 
calculations required were carried out with the aid 
of the Model Basin’s IBM-704 computer. 

The physical properties used in the calculations 
represent the best materials available today as well 
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as those expected to be available in the near fu- 
ture. It was assumed that the properties were the 
same in both the circumferential and longitudinal 
directions. 

For the glass-reinforced plastics, various combi- 
nations of density, strength, and modulus were as- 
sumed. The first combination represented values 
similar to those of materials available in 1959, i-e., 
a density of 0.07 lb/cu in., a strength of 70,000 psi, 
and a Young’s modulus of 4.8x10° psi. The other 
combinations of properties for the plastics reflect 
material properties expected from higher glass con- 
tent and the use of glass fibers with higher strength 
and modulus. 

The physical properties of the metals used in ob- 
taining the curves of Figures 2 and 3 include HY- 
100 (100,000-psi yield strength) steel and the higher 
strength and lighter weight alloys that could be 
available in the next few years, ie., HY-150 and 
HY-200 steels, 60,000-psi aluminum and beryllium, 
and 150,000-psi titanium. 

Where the yield strength of the material shown 
in Figure 2 is less than that shown in Figure 3, the 
modulus of elasticity, as reflected in the buckling 
pressure, is the controlling factor, and no advantage 
can be gained by increasing the yield strength. The 
curve for steel in Figure 2 is a good example of 
this. In order to have an unstiffened steel cylinder 
fail by elastic shell buckling over the weight-dis- 
placement range considered, it is only necessary to 
have the yield strength of the steel exceed 36,000 
psi. 

Beryllium is the only material where failure of 
an unstiffened cylinder occurs by yielding of the 
shell over a significant portion of the weight range 
considered in Figure 2. 

The material densities used in computing the 
weights of the metal cylinders were 0.283 Ib/cu in. 
for steel, 0.160 Ib/cu in. for titanium, 0.100 Ib/cu in. 
for aluminum, and 0.0658 lb/cu in. for beryllium. 

In Figure 2, for unstiffened cylinders, the non- 
linear portion of each curve represents the elastic 
shell buckling mode of failure. The straight-line of 
each curve in Figure 2 represents the pressure at 
which the stresses reach the strength of the ma- 
terial. For the metal cylinders, failure was assumed 
to occur when the biaxial “effective stress” deter- 
mined from the Hencky-Huber-Von Mises theory 
of failure reached the yield strength of the material. 
The circumferential and longitudinal membrane 


R R 
stresses, §,.= *~and §,= om respectively, were used 


in these calculations. For the reinforced plastics, 
failure was assumed to occur when the circumfer- 
ential membrane stress 8, reached the fracture 
stress of the material. This latter assumption may 
be conservative, but it was deemed necessary be- 
cause of the lack of data on the response of GRP 
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-Steel:o >36,000 psi, E=30XI0'psi, L/D =2 


aS _— Steel-Filament Reinforced Plastic: w=0.186 Ib/in?, o >43,000psi,E=12x10%psi, L/D=1.5 
= 


* _-Titanium:0>59,000 psi, E= 16x 10° psi, L/D=1.5 


_ Aluminum: o #60,000psi,E=10.5xI0°%psi, L/p =2 


i— Gloss~ Fiber Reinforced Plastic: w=0.075|b/in> o> 80,000psi, E=6XI0°psi,L/D=1.5 


_ Glass-Fiber Reinforced Plastic: w=0.07 Ib/in> o = 70,000 psi, E=4,8X 10® psi, L/0=1.5 
_— Glass-Fiber Reinforced Plastic :w=0.08|Ib/ineo > 87,000psi, E=1OXx 108 psi, L/D0=2 


Beryllium: 7=60,000psi, £=44X 108 psi, L/D =2 


Glass-Fiber Reinforced Plastic: w=0.08 Ib/in?,o > 97,000psi,E=10x10° psi, L/D=1.5 
Gloss-Fiber Reinforced Plastic: w = 0.07 Ib/in>, 7 >87,O0Opsi,€ =4.8xi0® psi, L/D=1 


Glass-Fiber Reinforced Plastic: w= 0.08 Ib/in3 o > 116,000psi,E=10xI108 psi,L/D =! 


Figure 2. Strength-Weight Characteristics of Unstiffened Cylindrical Pressure Vessels. 


materials when subjected to high compressive 
stresses, particularly biaxial compressive stresses 
resulting from hydrostatic pressure. 

The curves in Figure 3 show the results of cal- 
culations for which it was assumed that the metal 
cylinders had T-frames and the reinforced plastic 
cylinders had rectangular frames. For a given ma- 
terial and weight-volume ratio, the most efficient or 
optimum design was selected. In other words, it was 
assumed that the frames failed, either by overall 
instability of the frame-shell combination or by 
yielding, at the same calculated pressure at which 
the shell failed by axisymmetric collapse. An ac- 
cepted amount of out-of-roundness was assumed in 
calculating the bending stresses in the frames. The 


overall length of the cylinder assumed in each case 
was two diameters except where noted otherwise. 
The various stages of progressive deformation 
occurring in a ring-stiffened cylinder under hydro- 
static pressure are shown in Figure 4. Failure of 
the shell between frames of the metal cylinders was 
assumed to occur when plastic hinges had formed 
at midbay and at the frames so that a three-hinge 
mechanism, as shown in Figure 4d, occurred. Theo- 
ry for this mode of collapse has been developed by 
Lunchick [3]. The failure of the shell for the rein- 
forced plastic cylinders was assumed to occur when 
either the circumferential stress at midbay or the 
longitudinal stress at a frame reached the strength 
of the material; these critically stressed regions are 
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r 
Fiberglass Characteristics 
| | Bulkhead Spacing 
Curve | Motericl | Density,!b/n?| 9,psi |E. psi — 
+ + 
1 | 0.07 70,000 | 48xi0° | 15 
2 | 0.07 100,000 | 48x10® 10 
3 0.075 90,000 | 6.0xI0° 15 
Glass -Fiber 6| 
4 | etatonced 0.08 100,000 | 10x10") 2.0 
Plastic | 
€ 5 0.08 150,000 | 10*10° 1.5 
4 
3 6 0.08 200,000 | 10x10° 1.0 
o it a! 
” Fall 
7 |Renteced | 0-186 | 150,000 | i2x10® | 1.5 
Plastic | 
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Figure 3. Strength-Weight Characteristics of Ring-Stiffened Cylindrical Pressure Vessels. 
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(a) Undeformed 
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(d) Collapse Mechanism 


Figure 4. Mechanism of Failure for Ring-Stiffened Cylin- 
drical Pressure Vessels. 


shown in Figure 4c. The failure criterion for metals 
has been reasonably well confirmed by experiment, 
but the one for plastics has not, although it is prob- 
ably conservative. 

For the reasons indicated in Figures 2 and 3 the 
Navy, in searching for materials for submersible 
hulls, became interested in glass-reinforced plastics. 


DAVID TAYLOR MODEL BASIN TESTS AND RESULTS 


It is appropriate at this time to trace some history 
pertinent to the development of current interest 
within the U.S. Navy in studying the feasibility of 
composite materials such as GRP for naval struc- 
tures application. 

In April 1959 the Zenith Plastics Company of 
Gardena, California, a division of Minnesota Min- 
ing and Manufacturing Company, proposed to the 
Office of Naval Research the possible application of 
plastic materials developed by the parent company 


to a variety of plate and shell structures of interest 
to the U.S. Navy. Subsequent conferences arranged 
by the Office of Naval Research and attended by 
cognizant personnel of Zenith, the Office of Naval 
Research, the Bureau of Ships, and the David Tay- 
lor Model Basin led to the establishment of a joint 
program of exploratory research to study the feasi- 
bility of using such materials in cylindrical shell 
structures. 

A relatively large-size unstiffened cylindrical 
shell was fabricated by Zenith, at their own ex- 
pense, and forwarded to the Model Basin for in- 
strumentation and testing. The test cylinder, desig- 
nated Model ZP-3562, had an inside diameter of 
31.06 in., a wall thickness of 1.61 in., and an overall 
length of 59.0 in. The ends of the cylinder were 
closed by heavy steel plates machined to fit the in- 
side of the cylinder and held together by a tie rod. 
The end closure plates reduced the effective length 
of the test section to 55.0 in. A schematic diagram 
of the cylinder in the test tank is shown in Figure 5. 

The cylinder was fabricated by winding a glass- 
fiber, reinforced epoxy resin tape on a mandrel. 
The shell wal! consisted of two layers of tape with 
the glass fibers in the circumferential direction and 
one layer of sheets having the glass fibers in the 
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Figure 5. Schematic Diagram of Model ZP-3562 in Test 
Tank. 
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longitudinal direction. This buildup was repeated 
until the required thickness was obtained. 


Nominal mechanical properties of the cured ma- 
terial used in the test cylinder were furnished by 
the manufacturer to be as follows: 

Density y, 0.070 lb/cu in. 

Yield strength in the circumferential direction 

ayo, 70,000 psi 

Modulus of elasticity in the circumferential di- 

rection Ey, 4.8Xx10° psi 

Poisson’s ratio v, 0.1 


The cylinder was instrumented with two-element 
strain gage rosettes on the inside and outside sur- 
faces of the shell at midlength and along one genera- 
tor. The cylinder was loaded with external oil pres- 
sure to a maximum of 3000 psi. After completion of 
tests at the Model Basin the cylinder was loaded to 
failure, using water pressure, in the Naval Research 
Laboratory 4-ft diameter test tank. 


Failure occurred at a pressure of 3735 psi after 
the cylinder had sustained 3750 psi for approxi- 
mately 2 min. When failure occurred, the cylinder 
split along one generator with some circumferential 
tearing at midlength and considerable delamination 
in the wall thickness as shown in Figure 6. 

The strain-sensitivity factors at midlength were 
used in conjunction with the membrane stresses for 
an unstiffened tube to compute moduli of elasticity 
of 4.85x10° psi and 3.44x10° psi in the circumfer- 
ential and longitudinal directions, respectively. 
These moduli were then weiguted in the same two- 
to-one ratio as the fiber distribution and an effec- 
tive modulus of 4.3810* psi was found. The effec- 
tive modulus and effective length were used to 
compute an elastic buckling pressure of 3674 psi. 





Figure 6. End View of Model ZP-3562 after Failure. 
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This value is 1.7 per cent less than the experimental 
collapse pressure of 3735 psi. Additional test de- 
tails and results can be found in [4]. 


The excellent agreement with the computed 
buckling pressure and the high strength-to-weight 
ratio realized from this test were sufficiently en- 
couraging to warrant the establishment of a planned 
research program by the Bureau of Ships to further 
investigate the use of GRP materials for under- 
water structures. 


The program was established to investigate com- 
mercially available materials and winding tech- 
niques by testing simple unstiffened cylinders using 
a test arrangement similar to that used for Model 
ZP-3562. The testing of a limited number of ring- 
stiffened cylinders was also included in the initial 
phases of the program to investigate the applica- 
bility of design formulas and theoretical analyses 
developed for isotropic materials to GRP materials. 


To minimize costs and to be able to utilize avail- 
able test facilities with working pressures in excess 
of 3000 psi, small-scale models with an inside diame- 
ter of approximately 6 in. were designed. The un- 
stiffened models contemplated for the initial phase 
of the investigation are listed in Table 2. The di- 
mensions were selected to cover the range of thick- 
nesses considered to be of interest. The letter 
prefixed to the model number indicates the manu- 
facturer and the technique employed in winding 
these cylindrical models.* The B-models are fila- 
ment-wound in five discreet layers, of which three 
have circumferential fibers and two have longitudi- 
nal fibers, producing a 3C:2L fiber distribution 
through the shell thickness. The G-models are 
filament-wound using complete dispersion of fibers 
resulting in a 2C:1L buildup. The H-models are also 
filament-wound but have a buildup of one circum- 
ferential layer and two layers helically wound at a 
45-deg angle. The Z-models are wound of a glass- 
fiber reinforced epoxy-resin tape; each of these 
cylinders is built up in a sequence of two circum- 
ferential plys and one longitudinal ply repeated to 
produce a 2C:1L distribution of fibers completely 
dispersed through the thickness. 


Six of the models listed in Table 2 have already 
been tested to collapse under short-term loading. 
Photographs of the models after failure are shown 
in Figures 7 through 12. All models were instru- 
mented at midlength, on both the inside and outside 
surfaces with two-element strain rosettes. The same 
test procedure as for ZP-3562 was followed. The 
measured circumferential and longitudinal strains 
were used in conjunction with the membrane 





* The cylinders were fabricated at the request of the Model 
Basin. The participating manufacturers were chosen on the 
basis of available information and inquiries, conducted at 
the request of the Bureau of Ships to establish willingness 
to participate in the program. 
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. TABLE 2 

‘ Unstiffened Cylinder Models Planned for Glass-Reinforced Plastics Program 

it Inside Shell Exper. Material 

” Model Diam. Thick Length Collapse Density Shell Test 

d No. (in.) (in.) (in.) Pressure lb Lay-up 

: (psi) cu in. 

r - 

= B-1 5.987 0.319 11.47 5000 0.078 3C:2L Short Term 
B-2 5.986 0.320 22.40 0.078 3C:2L 
B-3 5.984 0.178 11.43 1225 0.0752 3C:2L Short Term 

l= B-4 5.983 0.309 11.46 0.0779 3C:2L 

- B-5 5.977 0.384 11.46 0.0787 3C:2L 

2 B-6 5.982 0.457 11.28 0.0789 3C:2L 

el G-1 6. 0.180 11.4 2C:1L 

3- G-2 6. 0.308 11.4 2C:1L 

al G-3 6. 0.380 11.4 2C:1L 

.- G-4 6. 0.455 11.4 2C:1L 

>S H-1 5.940 0.197 11.40 910 0.0751 1C:2-45° Short Term 

s. H-2 5.943 0.172 11.41 0.0755 1C:2-45° | 

1 H-3 5.938 0.325+ 11.41 1C:2-45° 

4 H-4 5.936 0.318 + 11.40 1C:2-45° 

3S H-5 5.938 0.382 11.40 0.0763 1C:2-45° 

2 H-6 5.937 0.381 11.42 0.0761 1C:2-45° 

- H-7 5.937 0.450+ 11.40 1C:2-45° 

- H-8 5.938 0.455+ 11.40 1C:2-45° 

i- , A | 6.012 0.313 11.39 3550 0.068 2C:1L Short Term 

c- Z-2 6.012 0.313 11.39 3400 0.068 2C:1L Creep 

r Z-3 5.994 0.373 11.40 7900 0.0781 2C:1L | Short Term 
Z-4 5.997 0.380 11.40 0.0773 2C:1L 

34 Z-5 6.001 0.450 11.40 0.0754 2C:1L 

ig Z-6 5.998 0.449 11.40 0.0749 2C:1L 

1- | Z-7 5.995 0.180 11.40 1325 0.0752 2C:1L Short Term 

e 

i- 

n 

e 

"S 

te) 

l- 

a 

~~ 

e 

l- 

Xe) 

y 

er 

y. 

n 

l- 

le 

le 

le 

1S 

1e 

el 

1e 

at 







































































Figure 7. Interior View of Model Z-1 after Failure. Figure 8. Interior View of Model B-1 after Failure. 
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Figure 9. End View of Model Z-3 after Failure. 
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Figure 11. Exterior View of Model Z-7 after Falure. 
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Figure 10. Exterior View of Model H-1 after Failure. 


Figure 12. End View 





of Model B-3 after Failure. 
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stresses to compute two values of elastic modulus. 
An “effective modulus” was then determined and 
used to predict the elastic buckling pressure. The 
buckling pressures thus determined and a summary 
of the pertinent test results are given in Table 3. 
The corresponding information for Model ZP-3562 


pressure loading it was observed that the strain 
rate was greater than that on the previous loading 
to 3400 psi. The model sustained the 3400 psi for 27 
hr before collapse occurred. The mode of collapse 
was similar to that of Model Z-1 except that some 
circumferential tearing occurred near the ends; see 


is included for comparison purposes. 

An examination of Table 3 reveals that for the 7 
models tested under short-term loading, the experi- 
mental collapse pressures agree within 5 per cent 
with the values predicted except in the case of 
Model H-1. Model H-1 failed at a pressure 26 per 
cent below that predicted from the elastic buckling 
equation, and appears to have collapsed premature- 
ly either by virtue of its helical construction or 
some possible flaws in the cylinder. Some additional 
tests will be carried out to check these possibilities 
further. 

Model Z-2, a duplicate of Z-1, was subjected to 
long-term loading at various pressure levels to in- 
vestigate the creep characteristics and their cumu- 
lative effect on static collapse strength of GRP 
cylindrical shells. The highest pressure sustained 
was 3400 psi for 26 days. At this time the O-ring 
seal in the test tank failed, causing the pressure to 
drop to zero. After the O-ring was replaced, the 
pressure was again raised to 3400 psi. On this last 


Figure 13. 
Strain-time histories recorded from circumferen- 








Figure 13. Interior View of Model Z-2 after Failure. 


TABLE 3 


Summary of Unstiffened Cylinder Model Test Results 



































| ZP Z-2 Z-2 
Model Number B-1 Z-1 3562 Z-3 Z-7 H-1 B-3 Run 2 Run 3 
| Circumferential Strain 
uin/in/psi 
Outside 1.53 2.07 1.69 1.15 2.61 3.12 2.81 1.78 2.01 
Inside 175 | 2.40 2.04 1.35 2.79 331 3.16 196 2.21 
Average 1.640 2.235 1.815 1.252 2.701 3.213 2.985 1.870 2.110 
Longitudinal Strain 
pin/in/psi 
Outside 0.627 1.116 1.14 0.658 1.01 1.24 0.92 0.87 0.93 
Inside 0.671 1.182 118 0.668 1.03 1.29 0.92 0.84 0.94 
Average 0.649 1.149 1.160 0.663 1.024 1.267 0 934 0.855 0.935 
Membrane Stresses, psi/psi | 
Circumferential 9.884 | 10.105 | 10.146 8.535 17.156 15.5%4 17.309 10.105 10.105 
Longitudinal 4.942 5.053 | 5.073 4.267 8.578 7.792 8.655 5.053 5.053 
Modulus of Elasticity 
psiX<10° 
Circumferential 5.57 4.10 4.85 6.17 5.87 448 5.41 4.94 4.39 
Longitudinal 5.40 3.82 3.44 4.90 5.87 4.35 612 4.35 3.95 
Effective 5.50 3.99 4.38 57.5 5.87 4.44 5.65 4.74 4.24 
Collapse Pressure, psi 
Computed Elastic Buckling, p. 4890 3407 3674 7565 1281 1225 1199 4046 3621 
Experimental, p. 5000 3550 3735 7900 1325 910 1225 3400 
Ratio of Collapse Pressures 
Pe 1.022 1.042 1.017 1.044 1.034 0.743 1.022 
Pec 
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tial gages near the region of failure of Model Z-2 
are shown in Figure 14. An examination of these 
curves reveals that the “cycling” resulting from the 
loading sequence of 5 pressure runs to collapse re- 
sulted in significant changes in the straining. This 
is indicative of a reduction in the material proper- 
ties, principally modulus, possibly resulting from 
either creep inherent in this material or mechani- 
cal breakdown of the bond between the fibers and 
the resin. The reduction in moduli resulting from 
the long-term loading is also reflected in the loss of 
ultimate load-carrying capacity as shown in Table 3. 

In addition to the tests of unstiffened cylinders 
discussed above, two ring-stiffened cylinders, Mod- 
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Figure 14. Strain-Time Plots for Circumferential Gages on 
Model Z-2. 


784 A.S.N.E. Journal, November, 196! 


els ZR-1 and ZR-2, were designed according to the 
criteria used in developing the curves of Figure 3. 
These two models had approximately the same 
weight-volume characteristics as the unstiffened 
cylinders ZP-3562 and Z-1. Model ZR-1 had a 2C:1L 
shell construction whereas Model ZR-2 had a 1C:1L 
shell construction; however, both had the same geo- 
metry and, in particular, both had end frames which 
had 3 times the area of a typical frame. Model ZR-1 
failed at a pressure of 5400 psi whereas ZR-2 failed 
at 6000 psi. The failed models are shown in Figures 
15 and 16, respectively. It is significant to note that 
both cylinders failed near the end regions indicating 
that the full strength of the typical portions was not 
realized. The design collapse pressure was on the 
order of 6500-7000 psi. The apparent reduction in 
strength can be attributed to the rather rigid end 
frames incorporated in the design. This will be dis- 
cussed further in connection with similar tests con- 
ducted by the Zenith Plastics Company, in which 
different size end frames were employed. 





Figure 15. End View of Model ZR-1 after Failure. 





Figure 16. End View of Model ZR-2 after Failure. 
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MODEL TESTS BY ZENITH PLASTICS COMPANY* 


The Zenith Plastics Company has fabricated and 
tested, at their own expense, 38 unstiffened cylin- 
ders of approximately 6 in. inside diameter. The 
cylinders were fabricated from various glass-fiber 
reinforced epoxy-resin tapes manufactured by their 
parent company. The test results of the cylinders 
having a 2C:1L buildup and a wall thickness of 
approximately 0.31 in. are shown in Figure 17. 
Curves of the elastic buckling pressure computed 
for assumed Young’s moduli of 410° psi and 5x10° 
are shown for comparison. The large spread in ex- 
perimental collapse pressures can generally be 
attributed to variations in the modulus of elasticity 
due to the glass content of the cylinder. The glass 
content ranged from about 69 per cent to 84 per 
cent; the cylinders with the higher glass content 
had the higher collapse pressures. 

The Zenith Plastics Company has also fabricated 
and tested, at their own expense, 9 ring-stiffened 
cylinders. Six of these tests were conducted using 
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Figure 17. Buckling Collapse of Unstiffened Zenith Cyl- 
inders (2C:1L). 











*This information is presented here with the generous 
permission of the Zenith Plastics Company. The results 
given were obtained during research conducted by Zenith 
as part of a no-cost arrangement with the Bureau of Ships 
and in collaboration with the David Taylor Model Basin. 


models with the typical geometry of Models ZR-1 
and ZR-2. In the 6 tests the type of material was 
varied as were the end conditions and the fiber 
distribution through the shell thickness. Four of the 
models had shells with a 2C:1L fiber distribution 
and 2 with a 1C:1L fiber distribution. The rectan- 
gular ring stiffeners were machined from tape- 
wound tubing having from 90 to 100 per cent cir- 
cumferential fibers. The highest collapse pressure 
realized was 7300 psi for a cylinder having a 2C:1L 
shell and the next highest collapse pressure was 
6500 psi for a cylinder having a 1C:1L shell. 

The typical center portion of these models was 
designed by the Model Basin assuming the material 
had a strength of 70,000 psi and a Young’s modulus 
of 4.8X10° psi. It is estimated that the material in 
the shells of the models that failed at 7300 psi and 
6500 psi had a strength of approximately 90,000 psi 
and a Young’s modulus of approximately 610° psi 
and the rings had a strength in excess of 100,000 
psi and a modulus of approximately 9X10° psi. 


DISCUSSION AND CONCLUSIONS 


It should be emphasized that the GRP materials 
presently being investigated as part of the Model 
Basin program were not developed for the specific 
purpose of pressure vessels subjected to high ex- 
ternal pressure. Thus, they are not representative 
of the ultimate composite material for such appli- 
cation. 

The strength-weight curves of Figure 3 for the 
GRP materials are based essentially on the ultimate 
strength of Commercially available filament-wound 
GRP materials. On the face of it this would seem 
to be reasonable since the curves for the other ma- 
terials were based on yield strength (and allowing 
for the plastic reserve strength to be developed) 
and it is true that GRP does not indicate a yield 
point. There is concern, however, about the effects 
of cyclic fatigue and long-term exposure to deep- 
submergence pressures on the load-carrying capaci- 
ty of filament-wound structures and consequent 
limitations in design allowable. Much work must be 
done in these areas with regard to determining the 
design limitations for filament-wound structures 
subjected to deep-submergence pressures. 

Nevertheless, the general information now avail- 
able on various GRP materials subjected to long- 
term and cyclic loading gives ample reason for vig- 
orous prosecution of Research and Development 
programs to improve the characteristics of these 
materials. For example, there has been a consider- 
able amount of information obtained on the effect 
of cyclic fatigue (tension-compression) on various 
laminates under different conditions. Such tests in- 
dicate that there can be better than a 50-per cent 
reduction in strength (based on short-term com- 
pression strength) after 50,000 cycles. With regard 
to long-term loading, the Forest Products Labora- 
tory [5], has reported failures of unidirectional 
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glass-reinforced epoxy laminates after immersion in 
water under flexural load equivalent to 56 per cent 
of the short-time flexural strength for 1000 hours. 
It is obvious that such reductions, if they prove to 
be necessary in the design of filament-wound pres- 
sure hulls, will greatly reduce the advantages of 
such materials. 

‘In seeking to obtain improved laminate character- 
istics it is important that the resin-interface-glass 
reinforcement be considered as a system. To date, 
it appears that the improvement of resins has re- 
ceived too little attention, possibly for lack of new 
or original approaches to the problem. While it has 
not definitely been established which particular 
characteristics it would be most important to im- 
prove, for the particular application to deep-sub- 
mergence hulls, higher compressive strength and 
modulus, greater affinity of resin to reinforcement, 
as well as improved resistance to shear and delami- 
nation, seem necessary. The resin must provide 
greater stability to the glass filament and greater 
resistance to catastrophic failure. 

Much work has already been done in the area of 
improved glasses and finishes, but specific resin-in- 
terface-glass systems must be evaluated extensively 
before we can appraise the value of these new re- 
inforcements. Certainly there still seems to be room 
for much more effort to improve reinforcement. 

Because of the low modulus of elasticity of GRP 
compared to that of steel the possibility of sand- 
wich-type construction to increase the cross-sec- 
tional stiffness is also intriguing and deserving of 
investigation. Here, the strength characteristics of 
available core materials are a limitation. Light- 
weight, high-strength core materials, resistant to 
water penetration under high hydrostatic pressures, 
are needed. 

Finally, confidence levels must be established to 
give the designer assurance that the materials in the 
hull structure will perform in accordance with es- 
tablished design criteria. Quality control practices 
and inspection test techniques must be devised to 
give this assurance. 

Hull form is another factor which requires in- 
vestigation. The thought has been widely advanced 
that shapes other than cylindrical with spherical 
ends might provide improved resistance to external 
pressures. Various unconventional, complex con- 
figurations have been suggested. Such shapes would 
be extremely difficult if not impossible to achieve 
with the high-strength metals, but could be fabri- 
cated easily using GRP. 
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The Bureau of Ships is supporting material re- 
search efforts in some of the above areas. The Ma- 
terial Laboratory, New York Naval Shipyard, has 
been investigating the basic mechanisms of failure 
for glass-reinforced laminates. It is hoped that from 
this effort may come better direction and guidance 
for future materials research programs. The Labo- 
ratory has also been working on development of 
test methods that will provide standards for evalua- 
tion of materials and relate these to the type of 
loading conditions experienced under external hy- 
drostatic pressure. Inspection and nondestructive 
test techniques are also being investigated. 


A program to study resin-interface-glass rein- 
forcement systems under carefully controlled lab- 
oratory conditions is being sponsored to develop 
materials which have improved compressive 
strength and modulus. 


The David Taylor Model Basin is conducting a 
broad investigation of filament-wound cylindrical 
structures made of commercially available materials 
to determine response to external pressure loading 
and to obtain design information on such details as 
methods of stiffening, openings, closures, etc. 


It is anticipated that research and development 
in the above areas will result in significant improve- 
ments, not only in filament-wound GRP materials, 
but also in the field of general-purpose laminates 
as well. At the present time, these materials are 
competing against the high-strength metal alloys on 
the basis of superior strength-weight properties. 
Ultimately, it can be expected that GRP materials 
will be developed demonstrating strength and stiff- 
ness characteristics equal or superior to the metals. 
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- DECADES SHIP designers and operators have 
accepted the fact that the combination of conven- 
tional rudder and screw propeller has provided a 
degree of maneuverability at low speeds of advance 
which is something less than desired. More recently, 
the directional control of large single screw vessels 
and the need for superior maneuverability of many 
special ship types at low speed has focused attention 
on the need for auxiliary steering devices. Such de- 
vices have been labeled “lateral thrusting bow pro- 
pellers,” “transverse bow propellers,” “bow steering 
propellers,” “bow jets,” “athwartships bow propel- 
lers,” “right-angle steering propellers” and some- 
what facetiously, “side-winders.” Although each of 
these names is variously accepted, U.S. preference 
is for the simpler and somewhat generic term “bow 
thruster.” 


REQUIREMENTS OF A BOW THRUSTER 


In order to assess the fundamental requirements 
of a bow thruster let us first examine the needs of 
several ship types: 


Large single screw merchant vessels (including 
tankers, ore and bulk carriers, dry cargo ships, etc.) 
achieve some degree of control of their stern move- 
ment at low speed by use of rudder angle and main 
propulsion slip stream. At the same time the bow is 
virtually uncontrolled and should an unfavorable 
tide, current or wind exist particularly in conjunc- 
tion with trim by the stern, the consequences in re- 
stricted waters could be disastrous or at the very 
least embarrassing. Quick application of a trans- 
verse force of sufficient magnitude at or near the 
bow could correct the undesired swinging of the 
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ship’s head. Also, if such a vessel is engaged in a 
trade which requires regular transit of narrow, tor- 
tuous channels or a lock-system such as the St. 
Lawrence Seaway, the value of an auxiliary steer- 
ing force is obvious. In addition, there are a number 
of large merchant vessels occupied in important 
trade in small, out-of-the-way ports that frequently 
lack adequate or reliable tug assistance. A bow 
thruster can greatly increase the self-sufficiency of 
such ships. 


Special purpose ships as a category covers a great 
deal of ground; however several specific examples 
are worth particular mention. Buoytenders are 
faced with the often hazardous task of coming 
alongside and hovering close aboard huge buoys 
which the deck crew must service in all kinds of 
weather. A transverse force at the bow which could 
be rapidly and easily varied in magnitude and di- 
rection would greatly minimize the chances of in- 
jury to personnel and the vessel. Large rail ferries 
and roll-on, roll-off ships customarily load and dis- 
charge over the bow or stern at special terminals 
requiring accurate positioning of the vessel. A self- 
contained transverse maneuvering force can speed 
up the docking operation and eliminate a great deal 
of warping with wires. Cable ships must operate at 
low speed and maintain an accurate course for days 
at a time while laying cable. An auxiliary maneu- 
vering device is virtually mandatory in that service. 


Research vessels of all types— oceanographic, hy- 
drographic, fisheries, etc. frequently operate at very 
low speeds of advance while attempting to hold a 
precise course and simultaneously manipulate sub- 
merged instruments. This too calls for a degree of 
maneuverability not commonly found on even the 
majority of twin screw vessels. Operational require- 
ments for certain military ships often embody the 
need for precise station keeping at a fixed location, 
accurate course tracking at very low speed, precise 
maneuvering for the transfer of materiel at sea and 
superior maneuverability around a congested beach- 
ing operation. For all such purposes the bow 
thruster can be a valuable augmentation of the ves- 
sel’s conventional steering system. 


Fast passenger liners that travel between major 
deep water ports are not usually considered candi- 
dates for low speed maneuverability. However, in- 
terruption of tug services due to disputes of one sort 
or another are not unheard of and a liner equipped 
with a bow thruster would be quite comforting to 
her owners. In addition, the advantages of low 
speed maneuverability under all circumstances 
would be acquired. 


Integrated river tows are often longer than our 
largest deep water ships and yet are faced with 
navigating the twists and turns of a very restricted 
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river channel. A natural application of the bow 
thruster would be in the lead barge of such an inte- 
grated tow, providing of course that control of the 
unit was maintained in the towboat pilothouse. 


Therefore, considering these possible applications 
it is suggested that the fundamental requirements 
for a bow thruster are as follows: 


1. Maximum thrust must be available quickly in 
response to an order. 


2. Performance of the unit must be identical for 
either thrust to port or thrust to starboard. 


3. Thrust reversal must be as rapid as possible. 


4. Thrust must be controllable in magnitude, 
from zero to maximum in both directions. 


5. The unit must be readily suitable for remote 
control from one or more stations. 

6. The unit must be reliable, easily installed and 
of rugged construction. 


BASIC DESIGN 


There are several basic design solutions which 
meet all or most of the bow thruster requirements. 
Although it is not the purpose of this paper to dis- 
cuss each of these designs and their variations, they 
have all had limited application and warrant identi- 
fication by type as follows: 

Right angle drive—variable speed—fixed propel- 

ler (single or counter rotating) 

—— motor—variable speed—fixed propel- 

er 


Vertical axis propeller 
Axial flow pump with valved ducts 
Controllable pitch propeller 


It is the latter type—the “CP bow thruster” which 
forms the basis for the remainder of this discussion. 


A thoughtful review of the requirements listed in 
the preceding section leads to the logical conclusion 
that the remotely controlled, unidirectional rotation, 
controllable and reversible propeller is ideally 
suited to bow thruster application. In actual prac- 
tice a vessel so equipped would start the CP bow 
thruster rotating in a “zero thrust” position as a 
maneuvering situation was approached. Thereafter, 
response to a thrust order is virtually instantane- 
ous. Magnitude of the thrust delivered is infinitely 
variable between zero and maximum to either side. 
Thrust reversal is extremely rapid since there is no 
necessity of absorbing the momentum accompany- 
ing the reversal of rotation. Incidentally, the speed 
of thrust reversal is of prime importance since un- 
der certain conditions it may become necessary to 
quickly check the swing of the ship’s head. The re- 
liability and ruggedness of the controllable pitch 
propeller is a proven fact today. Its mechanism in 
main propulsion has withstood the tests of 20,000 
SHP, the stresses of super-cavitating performance 
and the abuse of ice-breaking service. Acceptabili- 
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ty in bow thruster service should be unquestioned. 

The prime mover for the CP bow thruster may be 
Diesel engine, steam or gas turbine or AC or DC 
electric motor. This is largely a matter of owner 
preference. It is interesting to note however that 
the majority of present installations have been with 
constant speed AC electric motors. This choice is 
particularly well-suited to the CP bow thruster as 
variable speed controls are not required and with 
the blades in “zero thrust” position the motor start- 
ing current is kept low. Also, the total generator 
capacity of some ships is determined by a cargo 
handling operation and is in excess of normal un- 
derway requirements. This “excess capacity” can 
be put to use by the bow thruster during maneuver- 
ing. 

Recent discussions with a prominent tanker 
operator who is considering the application of CP 
bow thrusters revealed his concern for the vulner- 
ability of any steam or electrical machinery located 
in the forebody which in the event of a casualty 
could be rendered useless by fractured supply pip- 
ing or cables. This consideration makes the inde- 
pendence of a diesel or gas turbine prime mover 
decidely advantageous. Also it is likely that the 
diesel will be the favored prime mover for a CP 
bow thruster installation on an existing vessel 
where the generator capacity is inadequate to 
handle the additional load. 


MODEL TESTS 


Early in the development of the CP bow thruster 
a series of model tests was conducted in the cavita- 
tion tunnel of the KaMeWa Propeller Laboratory. 
The goal of these tests was to determine the in- 
fluence of blade area, number of blades, configura- 
tion of duct openings, guide vanes and grids on the 
thrust produced. A special testing arrangement was 
constructed to approximate both the duct in which 
the bow thruster operates and the ship’s side shell 
plating in the immediate vicinity of the hull open- 
ing. The duct was connected to a scale so that axial 
forces acting on it could be measured directly. 
Thrust and torque of the propeller were measured 
with the usual tunnel instruments. This arrange- 
ment is shown in Figure 1. 

Three controllable pitch and one fixed pitch pro- 
peller models were tested. All four models were of 
the Kaplan type, i.e., the blade tip has the form of 
a circular arc. The CP blades were planar (zero 
design pitch) and had symmetrical NACA 16 sec- 
tions. The fixed propeller was designed with a con- 
stant pitch ratio of 0.70 and had bisymmetrical 
NACA 16 sections. Clearance between the blade 
tips and tunnel wall was 1.5 mm, except of course 
when the CP blades were adjusted for positive or 
negative pitch and the clearance increased at the 
blade edges. The data for the model propellers is 





Figure 1, Testing Arrangement. 
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Figure 2. Model Propellers. 


shown in Table I and the blade designs are shown 
in Figure 2. 

Prior to systematic testing of the complete series, 
several preliminary tests were conducted using 
Model 317-B. One set of these tests was to deter- 
mine the influence of various guide vane arrange- 
ments and included investigation of one, three and 
six guide vanes at each end of the bow thruster pod. 
The test with three guide vanes was further varied 
to determine the influence of 0, 5 and 10 degree 
angle of attack on the guide vane configuration. The 
latter test indicated that for a given horsepower the 
total thrust produced varied only 2-3 per cent ex- 
cept at large angles of attack where the thrust loss 
was unacceptable. Therefore it was determined to 
standardize on an arrangement with three or four 
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TABLE I 
Model Number 317-B 327-B | 331-B | 339-C 
Diameter D, m 0.225 0.225 0.225 0.225 
Number of Blades 4 4 3 4 
P/D O(planar| 0 0 0.700 
blades) 

Axz/Ao 0.500 0.432 0.450 0.432 
Hub Diameter d,m}| 0.0847 0.0847 | 0.0847; 0.0847 
d/D 0.376 0.376 0.376 0.376 























parallel guide vanes depending upon the number 
of propeller blades. 

Additional preliminary tests were conducted to 
determine the velocity distribution at the discharge 
side of the duct. Model 317-B with pitch ratio ad- 
justed to 0.70 was used. Water velocity was meas- 
ured by pitot tube located about 34 propeller diame- 
ter from the end of the pod and on the vertical 
centerline of the duct. The velocities are plotted in 
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Figure 3. 
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Figure 3. Velocity Distribution at Duct Outlet. 


It is noted that the velocities at the bottom of the 
duct are lower than at the upper part of the duct. 
This is primarily due to the fact that the pitot tube 
was at a greater distance from the end of the duct 
at the bottom than at the top. 

Also conducted were streamline tests which indi- 
cated that the flow in the lower part of the duct 
was somewhat unstable. In an effort to improve this 
situation, a bulge was arranged at each end of the 
duct, see Figure 4. 








Figure 4, Arrangement of Bulge and Grid. 
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This increased both Ky and Kg of the propeller, but 
surprisingly caused the axial force on the duct to 
become negative. This result is illustrated in Table 
II for a bow thruster of 1.3 m. diameter and 285 
DHP-metric: 

















TABLE II 

15 (without 16/17 (with 
Test Number bulge) bulge) 
P/D 0.7 0.59 
RPM 398 389 
T Propeller kg 2816 3560 
T Tunnel kg +409 —840 
Total Thrust kg 3225 2720 








Additional tests on the effect of such bulges will 
be conducted in the cavitation tunnel in the near fu- 
ture. It was determined however that grids (see 
Figure 4) installed at the duct openings exerted a 
stabilizing effect on the flow and these were includ- 
ed in the finally accepted arrangement. 


The final systematic series of model tests was 
conducted with three and four guide vanes for four 
bladed and three bladed propeller models respec- 
tively. The openings of the duct were free, i.e., no 
grids were used for this series. Check tests indicate 
that the addition of grids increases the total thrust 
by 1.5-2.0 per cent. 

A comparison of the four propeller models tested 
is shown in Figure 5, from which several observa- 
tions can be made. The three bladed Model 331-B 
with blade area ratio of 0.45 is slightly less efficient 
than the four bladed reference Model 317-B with 
blade area ratio of 0.50. There was no significant 
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Figure 5. Model Tests of KaMeWa Bow Thrusters. 


difference in the cavitation pattern between these 
two. 
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The four bladed Model 327-B with blade area 
ratio of 0.432 is inferior to Model 317-B by about 6.5 
per cent. Model 327-B differs from Model 317-B 
only with respect to blade area ratio and as could 
be expected, Model 327-B showed more cavitation. 

The fixed pitch propeller, Model 339-C, which 
differs from 317-B primarily in having bisymmetri- 
cal sections and a helicoidal surface, indicates an 
improvement in K,-total of about 3.9 per cent. Con- 
sidering that the CP propellers have planar blades 
and therefore an unusually high load at the tips, 
this superiority of the fixed pitch propeller may ap- 
pear small. However, as in a Kort nozzle, the duct 
walls reduce the loss over the blade tips, and this 
effect is more pronounced and therefore more fa- 
vorable to the planar bladed CP propeller with 
highly loaded tips. Also, the cavitation of Model 
339-C was somewhat less than the other models. 


The cavitation pattern observed with the four 
models is shown in Figure 6. As usual in a static 
pull condition, the cavitation appears as sheet cavi- 
tation extending from the blade tips toward the 
hub. The guide vanes were free of cavitation. 

A question often raised concerns the degree of 
increased hull resistance due to the introduction of 


TABLE III 


GREAT LAKES TYPE BULK CARRIER 


LBP — 712’-0” 

Beam 5 — 75’-0” 

Draft (loaded) — 26'-6” 

Draft light) — 8-0” Fwd.; 20’-0” Aft 


Cs — 0.865 
a. With bow tunnel only 


Tunnel Diameter 


aieies 6’-0” 
Tunnel Location, C.L. 


— 26'-0” Aft of FP. 
8’-0” above B.L. 





V knots 11 12 13 | 14 15 16 


Percent Increase 


in Resistance 0 03 | 04 0.4 | 15 | 08 
Loaded Ship 








Percent Increase 


in Resistance 03 | 03 | 06 | 09 | 09 | 08 
Light Ship 





























b. With bow tunnel plus stern tunnel 
Bow tunnel as (a) above 
Stern tunnel diameter 
Stern tunnel 

location, C.L. 


Pa 5’.0” 


— 31’-6” Fwd of A.P. 
7'-6” above B.L. 





V knots 11 | 12 13 144| 15 | 16 


Percent Increase 


in Resistance 0.1 0.4 08 | 19 | 30 5 
Loaded Ship 








Percent Increase 


in Resistance 06} 05/13 | 25 | 24] 2.0 
Light Ship 
































a discontinuity such as a bow thruster tunnel. Ob- 
viously such factors as hull form, speed and draft 
plus depth, size and shape of the discontinuity all 
influence the problem. Several specific ship designs 
with which the authors have had contact were re- 
sistance tested to determine an answer to this ques- 
tion. Although the results are not universally ap- 
plicable, they are presented in Tables III, IV and V 
to give an order-of-magnitude indication of the 
affect of a bow thruster tunnel on hull resistance. 



































TABLE IV 
SMALL PASSENGER VESSEL 

LBP — 270'-0” 

Draft — 13’-5” 

Cs — 0.575 

Tunnel Diameter — 4-3” 
V knots 16 16.5 17 175 
Percent Increase 0.9 16 17 bE 
in Resistance 

TABLE V 
DRY CARGO VESSEL 

LBP — 530’-0” 

Beam — 93’-0” 

Draft — 25’-0” 

Tunnel Diameter — 4'-6§” 

Tunnel Location, C.L. — 38’-0” Aft of F.P. 

10’-0” above BL. 

V knots 18.5 20 21 
Percent Increase 0.2 0.1 0.1 
in Resistance 




















317-8 


P/D=07 BAR=05 Z=4 


327-8 


P/D=07 BAR=0432 Z=4 





339-C 
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Figure 6. Cavitations Patterns. 
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Generally, it appears that the increase in resist- 
ance is quite small; however in the case of the full- 
bodied bulk carrier there is a peak in the higher 
speed range. The exact reason for this is unknown, 
but it is suggested that a study of the wave profiles 
or a determination of the pressure variations along 
the length of the hull would reveal a contributing 
relationship. If that were true, it is likely that a 
judicious location of the transverse tunnel would 
minimize the affect on resistance and in most cases 
keep it well below a one per cent increase. For bow 
thruster application on very fast ships it might be 
desirable to fit retractable doors over the tunnel 
openings. It is understood that a fast passenger ves- 
sel now under construction in Great Britain is so 
equipped. 


As mentioned earlier it is recognized that a ma- 
neuvering force may have to act to swing a ship’s 
head against a total resistance composed of wind, 
current, waves and its own lateral resistance to 
pivoting. In order to obtain some indication of the 
lateral pivoting resistance in still water, the bulk 
carrier model mentioned earlier was further tested. 
The results which were obtained are shown in 
Table VI. 


TABLE VI 


BULK CARRIER—PIVOTING 


I a —— a 





| 
| Time to Pivot 90 Degrees, | 4 8 12 | 
| Minutes | ones 
|Moment in Ft-Lbs < 10° | | | 
|for Loaded Ship 16.2 | 42 | 19 
| (Pivot Point 378’ aft F.P.) | | 
i ——— Sane Mammen 
|Moment in Ft-Lbs < 10° | | | 
|for Light Ship | 76 | 19 09 | 


| (Pivot Point 383’ aft F-P.) | | 


This information plus an estimate of wind resist- 
ance, which may be obtained from the literature, 
would provide a sound basis for the determination 
of bow thruster size for this specific vessel. 


Further ship model tests will be conducted in the 
near future to investigate the performance of bow 
thrusters when a vessel is proceeding slowly ahead 
or astern. Preliminary indications are that the steer- 
ing effect diminishes gradually with forward motion 
of the vessel until about 6-7 knots at which point a 
rapid decrease occurs. Some authorities believe that 
the steering effect will recover its maximum value 
again at higher ship speeds, but further testing is 
required to evaluate this opinion. 


DESIGN DESCRIPTION 


The general arrangement of a CP bow thruster is 
shown in Figure 7. The basic components are the 
tunnel, pod assembly, prime mover assembly, hy- 
draulic system and remote control system. 
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The tunnel is fabricated of a single rolled plate 
or of inner and outer plate construction to permit 
withdrawal of the entire tunnel and pod assembly. 
Where single plate tunnel construction is used it is 
possible to remove propeller blades without disturb- 
ing the pod or guide vanes. Material used is mild 
steel, stainless steel or stainless clad plate depend- 
ing upon the service and operator’s preference. 
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Figure 7. General Arrangement of CP Bow Thruster. 


The pod assembly, see Figure 8, includes the 
guide vanes, pod housing, bevel drive gears, stub 
shaft, thrust bearing, lip-type shaft seals, KaMeWa 
controllable pitch propeller hub, hydraulic oil dis- 
tribution box and propeller blades. One guide vane 
at the drive end of the pod houses the drive-shaft 
(either horizontal or vertical depending upon loca- 
tion of the prime mover) and gear lubrication fit- 
tings. One guide vane at the opposite end of the pod 
is used to house the hydraulic lines and pitch fol- 
low-up equipment. It will be noted that the pod 
has a rather large diameter in relation to the pro- 
peller. Diameter—approximately 0.41 D. This is re- 
quired solely in order to accommodate the bevel 
gear and bears no relation to the CP mechanism, 
i.e., pod diameter will be identical for either a fixed 
pitch or controllable pitch design. 

The prime mover is connected to the bevel gear 
pinion in the pod by means of a drive shaft fitted 
with universal joints at both ends. That section of 
drive shaft within the guide vane is connected to 
the external section of shaft with a dental type 
toothed coupling to permit slight axial and angular 
misalignment at installation. 

The hydraulic system is a basic controllable pitch 
propeller system consisting of a sump tank, gravity 
tank, motor driven positive displacement pump and 
appropriate hydraulic valves.. The pitch actuating 
spool valve is positioned either by a solenoid or 
pneumatic positioner depending upon whether the 
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remote control system is electrical or air actuated. 
Generally the prime mover is started locally al- 
though this may be handled from the bridge or en- 
gine room if desired. Pitch control is normally ar- 
ranged for bridge operation with local control also 
available when necessary. Pitch indicators are lo- 
cated at each control station. An interlock is pro- 
vided to prevent starting the prime mover if the 
propeller blades are not in a zero pitch position. 


The CP bow thruster can be built to accommo- 
date any reasonable prime mover horsepower; how- 
ever the series shown in Table VII has been tenta- 
tively established. This series may be revised if the 
demands of the marine industry indicate it is neces- 
sary and desirable to do so. 








TABLE VII 

i 

| Horsepower Diameter RPM Thrust—Lbs 
150 3'-7” 450 4,500 
300 4’-3” 420 7,900 
500 5-5” 340 13,200 
800 6-7” 290 20,400 

| 1200 7-11" 240 30,200 
1800 9-2” 210 44,100 

















These data-should be considered as approximate 
since a certain amount of judicious variation of 
power, diameter and RPM is permissible without 
seriously affecting the delivered thrust. 


Figures 9-12 illustrate several CP bow thrusters 
in final assembly, under shop test and as installed. 


TRIALS, SERVICE AND APPLICATION 


The first 300 HP KaMeWa CP bow thruster was 
installed on the 365 ft. LOA passenger and rail ferry 
Princesse Benedikte. Diameter is 4 ft. 3 in. and the 
four blades of Model 317-B type. Performance trials 
resulted in 299 HP, 394 RPM and 7650 pounds 
thrust at a pitch setting of P/D=0.795. This indi- 
cates Kg=0.033 and K7=0.270 at o’=3.0. These co- 
efficients result in P/D=0.73 in each case. Obtain- 
ing this same pitch ratio indicates that while the 
prediction of power and thrust from the model tests 
was very nearly correct, the prediction of pitch was 
9 per cent low. This trial was conducted with the 
stern of the vessel secured to the quay and the hull 
extended and restrained at about a 15 degree angle. 
A circulation of water was observed to be set up 
around the forebody and it is likely that this con- 
tributed to the higher pitch setting. 

It had been expected that the thrust and torque 
might have been influenced by scale effect. The scale 
effect of friction was calculated to reduce torque by 
2-4 per cent, the effect of tip clearance was figured 
to increase thrust by 3 per cent and, further, the 
presence of the grid was expected to increase thrust 
by 1.5-2.0 per cent. This would result in a total of 
approximately 7.5 per cent thrust increase over that 
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Figure 8. Pod Assembly. 


obtained from the model tests. Although the Bene- 
dikte trials did not bear this out, later trials with 
the identicgl type and size CP bow thruster on the 
285’ LOA passenger and rail ferry Princessan Chris- 
tina indicated a thrust of well over 8,800 pounds. 

Service experience obtained over the past year 
and a half with this type of CP bow thruster has 
been extremely satisfactory. Four units are cur- 
rently in service and seven more will be installed 
within the coming months. Included in the latter 
group is the first U.S. manufactured unit of 150 
HP which will be installed on the 180’ USCG buoy- 
tender Laurel in November 1960. Operation has 
been found to be exceptionally free of noise and 
vibration. The ease of shipyard installation has ex- 
ceeded expectations. For example, the pod assembly 
of the first unit was installed in the vessel in just 
about two hours. It is interesting to note too that 
the majority of the CP bow thrusters referred to 
are for operation in ice-going service. 

Concerning bow thruster application, one ques- 
tion is paramount from the viewpoint of the naval 
architect and that is “how much thrust is re- 
quired?” The model test data for the pivoting mo- 
ment of a bulk carrier previously noted should be 
helpful for that class of vessel; however experience 
is still the best barometer of how much thrust is 
needed. Another consideration is where the thrust 
should be applied. The generally accepted location 
for a bow thruster is as far forward and as low as 
possible in the ship’s forebody, with the minimum 
depth of tunnel centerline equal to the diameter. 
Normally a bow thruster is located forward where 
space is available and the force generated will act 
on the longest moment arm from the pivot point. 
This is not’ to say however that a bow thruster (or 
in this case perhaps a better name would be “trans- 
verse thruster”) cannot be located in the stern sec- 
tions of a vessel if desired for special reasons. An 
installation aft is entirely feasible but entails more 
difficult space problems particularly on a single 
screw vessel due to conflict with the shaft line in an 
area where the sections at the lower waterlines are 
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Figures 9 and 10 (above)— 

Shop Testing CP Bow Thruster 

Fiure 11 (top right)— 

Final Shop Assembly CP Bow Thruster 
Figure 12 (right)— 

300 HP CP Bow Thruster as Installed 
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quite fine. A stern installation on a twin screw ves- 
sel would not be as difficult, but it would be desir- 
able to direct the transverse thrust away from pro- 
peller shafts, bossings or struts. 

As an empirical guide to the selection of required 
thrust it is possible to relate the force to the areas 
of the longitudinal planes of resistance both above 
and below the waterline. An examination of eleven 
bow thruster applications reveals that the pounds 
thrust per square foot of longitudinal plane below 
the waterline ranges from 0.65 to 4.02. For superior 
maneuverability a value of at least 3 lbs/sq. ft. is 
recommended and relatively adequate maneuver- 


ability is attainable with anything above 1.6 lbs/sq. 
ft. The pounds thrust per square foot of longitudinal 
plane above the waterline ranges from 0.58 to 2.67. 
It is felt that any value from 1.0 Ibs/sq. ft. up should 
be satisfactory. 

In conclusion, the authors wish to reaffirm their 
conviction that the use of CP bow thruster devices 
as a means of augmenting the maneuverability of 
all types of vessels will become more commonplace 
in the immediate future. This opinion is based on 
discussion and correspondence with ship designers 
and operators from all over the world who have 
demonstrated a keen interest in the overall problem. 
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SPACE-CONTROL SIMULATORS 


Three atomic controls evaluation simulators (ACES) will soon make 
Dallas the nation's space-on-earth center. The first ACES is a 12 ft long, 
30 x 36 in., aluminum-tubing platform. It weighs 1350 lb; yet it literally 
floats on air. This simulator's only link with its ground base is a 4!/2-in. 
steel ball. A column of nitrogen, pressurized to 120 psi, keeps the ball 
afloat. 


The Iron Age, August 10, 1961 


SUPERCONDUCTOR 


Under a research contract with the AEC, Atomics International has 
developed a new superconductor material which offers no resistance to 
appreciable quantities of electrical current. 

The new material is a cold-worked alloy made of about three parts of 
niobium to one part of zirconium. The alloy is malleable and strong and 
can be made into wires, bars, strips, and other shapes without losing its 
superconducting properties. Its development makes possible supercon- 
ducting magnets to replace conventional bulk and relatively inefficient 
ion-core electromagnets. Such magnets would have no iron core and 
would produce magnetic fields many times higher than conventional elec- 
tromagnets. 

Potential uses might be as high-energy particle accelerators or in space 
technology where the lightweight magnets could store more energy in 
less space than conventional electrical capacitors. 


Mechanical Engineering, August 1961 


COMBINATION PROPELLING MACHINERY IN 
NEW FRIGATES 


The first of the new Tribal-class frigates, H.M.S. Ashanti, built by 
Yarrow and Co.,Ltd., recently completed contractor's sea trials, and fea- 
tures an interesting combination of both steam and gas turbine propelling 
machinery. This system was developed by the Yarrow-Admiralty Research 
Department and Associated Electrical Industries, Ltd., the fluid couplings 
and S.S.S. automatic clutches being designed and constructed by Flui- 
drive Engineering Co., Ltd. 

The ship can be propelled, as desired, by steam or gas turbines or by 
both when boost power is required. A main S.S.S. synchronizing clutch 
automatically connects or disconnects the gas turbines with the steam 
turbine. Furthermore, when the ship is being propelled by the gas turbines 
alone, with the steam side disconnected, maneuvering ahead or astern is 
through the corresponding fluid coupling and appropriate gearing, a sim- 
ple control filling or emptying either fluid coupling according to the di- 
rection required. 

The Motor Ship, August 1961 
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Part I 


ELECTRON TUNNELING BETWEEN SUPERCONDUCTORS 


A MAJOR discovery that may yield vastly improved 
knowledge of both superconductivity and electron 
“tunneling” was revealed late in 1960, when it was 
announced that tunneling had been observed for 
the first time in devices consisting simply of two 
metal films separated by a thin insulating layer, 
with one or both of the metal films in the super- 
conducting state. Previously tunneling had proved 
useful only in carefully prepared semiconducting 
devices. 

In announcing the discovery, Dr. Guy ‘suits, vice 
president and director of research, said: “This dis- 
covery, made by Ivar Giaever of the GE Research 
Laboratory, is so recent that all of its consequences 
have not been fully determined. However, it is al- 
ready adding to fundamental knowledge of both 
tunneling and superconductivity and has opened a 
new approach to the construction of versatile, mi- 
crominiature electronic components. For example, 


it may be possible to make—in an entirely new 
way—a simple device that could function as a 
switch, diode, negative-resistance diode, triode, re- 
sistor or capacitor.” 

Until now, the only wide application of electron 
tunneling has been in the relatively new semicon- 
ducting tunnel diode. However, tunneling occurs in 
a broader class of materials than semiconductors. 
In Giaever’s discovery, tunneling occurs through 
the simple barrier of an insulating film, rather than 
through the charge depletion region of a semicon- 
ductor p-n junction, as in the case of the tunnel 
diode. 

The tunneling of electrons through thin insulating 
layers can be understood by thinking of the charge- 
carrying electrons not as particles, but as waves. 
When these charge-carrying waves strike a barrier 
(such as would be imposed by an insulator), vir- 
tually all of them will be reflected back from the 
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barrier. There is a certain small probability, how- 
ever, that a portion of the waves will pass through 
the barrier if it is thin enough. If a conductor is 
present on the other side, the presence of these 
“tunneling” waves may be detected as current. De- 
spite the small probability of waves “tunneling” 
rather than reflecting, a substantial current may 
flow simply because the number of waves is so 
large. 

Certain conditions must prevail for electron tun- 
neling to be significant. If two plates of metal are 
separated by a good insulator, they form a capaci- 
tor, or condenser. Current does not flow through 
the insulator, even if it is as thin as a ten- 
thousandth of an inch. However, if the insulator is 
made almost infinitesimally thin, say from 10 to 100 
atoms thick, the probability of electrons getting 
through the barrier becomes sufficient for a meas- 
urable current to flow. At relatively low voltages, 
the current induced by tunneling is proportional to 
the voltage, just as it would be if the insulator 
were an ordinary resistance element. 

Giaever’s Experiment 

In experimenting with tunneling through such 
ultra-thin insulating films, Giaever found an un- 
expected effect when one of the conducting films 
was a superconductor. Instead of a straight line 
graph showing that the current increased propor- 
tionally with the voltage, a convex curve was pro- 
duced, indicating that an effect similar to that in 
the tunnel diode might be involved. Giaever quick- 
ly followed up this lead and found that a region of 
“negative resistance’—in which the current de- 
creases with increasing voltage—could be observed 
if both metal films were superconducting, (see ac- 
companying graphs). 

This effect is the result of the fact that certain 
energy levels in a superconductor are “forbidden” 
to electrons. Any electrons in one metal film that 
have energies equal to “forbidden” energies in the 
other metal film cannot tunnel through the inter- 
vening insulating film. Therefore these forbidden 
energy gaps in superconductors have a profound 
influence on the tunnelirz currents and lead to the 
unique behavior discovered by Giaever. Similar re- 
gions of negative resistance were previously ob- 
served only in tunnel diodes. 

This unpredicted finding has important implica- 
tions for theories about superconductivity and 
about tunneling. From the practical standpoint, 
the discovery may become important by making 
possible a new family of devices unequalled for 
their small size and versatility. 

The negative resistance effect is unique in that 
it is independent of the direction in which the cur- 
rent flows through the device. This versatility is not 
possessed by the tunnel diode. In addition, the neg- 
ative resistance region may be changed by subject- 
ing the device to a magnetic field or by changing 
the temperature. 
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Small size of devices that could be made utilizing Giaver’s 
discovery is indicated here. Operating portion of the device 
is the area where the two strips cross. 


Current 





Voltoge ———e» 


Tunneling through a thin insulating film: (a) tunneling 
between two normal metals; (b) tunneling between a nor- 
mal metal and a superconductor; (c) tunneling between two 
superconductors. 


Most of Giaever’s experiments have been with 
films of aluminum, lead, indium, and tin, all of 
which becomes superconductive near liquid helium 
temperatures. A considerable number of other 
metals are expected to exhibit the same effect. In 
almost all of the experiments, aluminum oxide was 
the insulating layer, although Giaever has obtained 
proof of tunneling through tantalum oxide, niobium 
oxide, and nickel oxide as well. 

One of the primary advantages of any device in- 
corporating the effect discovered by Giaever is the 
possibility of changing the device’s characteristics 
with a magnetic field (see Part II). By varying a 
magnetic field, one or both of the superconducting 
films can be changed to the normal state, with a 
consequent change in operating characteristics of 
the device. This is why it may be possible for the 
device to function as a switch, diode, negative-re- 
sistance diode, triode, resistor, or capacitor. 

Other potential advantages of devices based on 
the new effect would be extremely small size, low 
power requirements, and cheapness of fabrication. 
Since the devices would be made simply by deposit- 
ing metal and insulating films on a suitable sub- 
strate, it would be possible to deposit complex cir- 
cuits involving hundreds of active components in 
one operation. This would result in a very large 
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reduction in cost from present methods of fabri- 
cating and assembling complex circuits, and would 
make possible a comparably large reduction in size. 
The extremely low power dissipation makes it pos- 
sible to pack the microminiature elements at a den- 
sity many times greater than is possible with pres- 
ent semiconductor components. 

A great deal of applied research and development 
will be required to evolve practical devices based 
on this new concept. Also, the requirement of cryo- 
genic temperatures for the suggested new com- 
ponents may be a handicap, but this is not expected 
to be too serious for many uses. 

Scientific Importance 

The discovery of these new, previously unsus- 

pected effects is making an important contribution 


to fundamental scientific knowledge of both super- 
conductivity and tunneling. One of the basic prob- 
lems of superconductivity is why some materials 
are superconductors and others are not. The ex- 
periments Giaever has designed are contributing 
data that may prove useful in solving this problem. 
Moreover, solid state physicists now find it neces- 
sary to develop the theory of electron tunneling 
beyond the previous state of understanding—which 
was sufficient to explain tunnel diodes—in order to 
explain fully these new results. In addition to Ivar 
Giaever, other scientists of the General Electric 
Research Laboratory are actively engaged in this 
area of research, including Drs. John Fisher, Walter 
A. Harrison, Charles P. Bean, Vernon L. New- 
house, and Mr. Karl Megerle. 


Part II 


A NEW RESEARCH TECHNIQUE 


The discovery of superconductivity nearly fifty 
years ago created a sensation in the world of 
physics. The fact that certain materials lost all elec- 
trical resistance at low temperatures was complete- 
ly unexpected. The effect was a subject of prime 
interest to both theoreticians and experimentalists 
for many years. Altogether some 25 elements and 
more than 250 alloys and compounds have been 
found to be superconductors. 

Activity in the field was restricted, however, be- 
cause few laboratories were equipped to produce 
the low temperatures required, and because other 
fields of research were opened that seemed to offer 
greater promise. 

As so frequently has happened with other dis- 
coveries in “pure” science, after a lapse of many 
years advances in technology have made important 
applications appear feasible, and superconductivity 
is now a subject of intense interest. The advances 
primarily responsible for this revival of interest are 
improvements in refrigeration techniques that make 
it relatively easy to operate devices continuously at 
temperatures a few degrees above absolute zero, 
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and the need for gigantic arrays of switching and 
memory elements for electronic computers. (See 
Parts I and III) A new method of studying super- 
conductors, developed at the Research Laboratory, 
is facilitating such applications as well as providing 
basic new knowledge. 

Effect of Temperature on Resistance 

As shown in the accompanying graph, the resist- 
ance of most electrical conductors decreases as the 
temperature is lowered, until at around 10° K., it 
becomes independent of temperature. The minimum 
value is dependent on strains and impurities in the 
metal, and the resistance of a perfectly pure single 
crystal of the metal would become zero at 0° K., as 
shown by the dotted line. 

The behavior of superconducting materials is 
strikingly different. Their electrical resistance van- 
ishes completely at a temperature called the critical 
temperature, which for most superconductors is 
below 10° K. The electrical resistance is not just 
small, it is exactly zero. Currents set in motion in 
loops of superconducting wire have been observed 
to continue undiminished for more than a year. 
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The diamagnetism of a super- 
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The magnetic behavior of a superconductor is as 
surprising as its electrical behavior, and is the basis 
for most of the likely applications. When a material 
is in the superconductive state, it is perfectly dia- 
magnetic; that is, magnetic lines of force do not 
penetrate it. However, when the applied field 
reaches a certain critical value, the superconductor 
is changed to the normal state. The variation of the 
critical field with temperature for a superconduct- 
ing metal is shown in the graph. 

Thus a superconducting material can be changed 
to the normal state either by raising its tempera- 
ture to a point above the critical temperature or by 
subjecting it to a magnetic field greater than the 
critical field. 

If just the right magnetic field is applied, an “in- 
termediate state” can be produced in which portions 
of the sample are normal and portions supercon- 
ductive. The intermediate state arises from the dia- 
magnetism of superconductors. If a transverse mag- 
netic field is applied to a superconductor which has 
a relatively wide, thin cross section, magnetic lines 
of force will be bent sharply around it since they 
cannot penetrate, as shown in the drawing. This 
produces a closer spacing of lines of force or, in 
other words, a stronger field at the edges. At proper 
field strengths, the magnetic field at the edges will 
reach the critical field. The edges will then revert 
to the normal state while the center portion re- 
mains superconductive. 

This intermediate state is of great scientific and 
practical interest. The manner in which it changes 
with variations in the magnetic field, and differ- 
ences in the purity, geometry, and metallurgical 
treatment of the specimen are of great importance 
to electronic applications of superconductivity. 


A New Research Technique 

By combining the magnetic properties of super- 
conductors with an ingenious optical system, Dr. 
Warren DeSorbo has developed a new method for 
studying the intermediate state which is yielding 
important new information. The technique permits 
direct visual observation of magnetic changes tak- 
ing place in the specimen, and was developed from 
an approach originally tried at the Naval Research 
Laboratory. 

In Dr. DeSorbo’s apparatus, a thin (%4-mm.) disc 
of glass is used to translate the magnetic properties 
of the intermediate state into visible patterns. The 
disc is made of a special cerium phosphate glass 
which, when magnetized, strongly rotates the plane 
of polarized light. This is called the Faraday effect 
and is also exhibited, although much less strongly, 
by a number of other materials. When unmagnet- 
ized, the glass does not rotate the plane of polariza- 
tion. 

The disc of glass is placed on the sample, and 
both are cooled to a temperature of about 1.5° K. 
in liquid helium. A coil around the apparatus pro- 


800 A.S.N.E. Journal, November, |96! 


5 2 
PRG meetin | 
eft tf WN 
ae | ’ 
Schematic diagram of apparatus developed by Dr. War- 


ren DeSorbo to study the intermediate state in supercon- 
ductors. 





Non-equilibrium nature of the intermediate state is shown 
by these two photos of tin specimens at the same tempera- 
ture and magnetic field, Pattern at left was produced by 
raising the magnetic field, the other by lowering it from a 
higher level. 





Rapid movements of normal areas in a superconductor 
upon removal of a magnetic field can be followed in detail 
for the first time using the new technique. Photos taken 30 
seconds apart show how normal areas (light color) move 
toward edge of tin specimen (in photo at right) and dis- 
appear. 


duces a magnetic field transverse to the specimen. 
Monochromatic, polarized light is beamed onto the 
glass disc mounted on the sample. The bottom sur- 
face of the glass is silvered so that the incident light 
goes through the glass and is reflected back through 
it without reaching the specimen. (The direction in 
which the plane of polarization is rotated is the 
same regardless of the direction in which the light 
is passing through, so the effect is doubled in light 
reflected back through the glass.) The reflected 
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light is observed through an adjustable polarizing 
filter, or “analyzer.” 

Since the glass is in close contact with the speci- 
men, portions of it directly above superconductive 
portions of the specimen are shielded from mag- 
netism, and do not rotate the plane of polarization. 
Portions of the sample in the normal state allow the 
magnetic field to penetrate the glass, and these por- 
tions of the glass do rotate the plane of polarization. 
By adjusting the viewing analyzer, the magnetized 
portions of the glass can be made to appear dark 
and the unmagnetized portions light, or vice versa. 
The dark and light areas of glass then corresopnd 
exactly to superconductive and normal areas at the 
sample’s surface. The amount of rotation is propor- 
tional to the strength of the magnetic field, so 
quantitative measurements can also be made. 

The special value of the new technique lies in 
its making possible the observation of dynamic 
aspects of the intermediate state, such as the move- 
ment of boundaries between normal and supercon- 


ductive regions, and the “channels” through which 
normal areas penetrate superconducting regions. 
Details of these motions can be seen for the first 
time. The method has also permitted valuable 
studies to be made of effects of geometry and cur- 
rent flow in superconductive films. These studies 
are of particular value in design of such electronic 
devices as the crossed-film cryotron described be- 
low. 

Among the results so far is the finding that the 
patterns of superconducting and normal areas are 
extremely complex, and that equilibrium conditions 
in the intermediate state have rarely, if ever, been 
obtained. Patterns at the same field strength and 
temperature are different when produced by rais- 
ing, as compared with lowering, the field strength 
or temperature. Various approaches are currently 
being tried in an effort to obtain true equilibrium 
patterns. Such patterns may provide essential clues 
to better understanding of how materials transform 
between the superconductive and normal state. 


Part III 


THE CROSSED-FILM CRYOTRON 


The word: “cryotron” is used to describe any 
superconductive four-terminal device in which a 
magnetic field, produced by passing a current 
through two input terminals, controls the resistance 
between two output terminals. Such a device, using 
wires, appears to have been first developed for labo- 
ratory purposes in 1935 by Casimir-Jonker and de 
Haas. In 1956 the late D. A. Buck pointed out the 
possible advantages of such devices for the digital 
computers which had been developed in the inter- 
vening period, and suggested the name by which 
the device is now known. In the wire-wound cryo- 
tron shown in the drawing, a small current passed 
through the coil changes the superconducting “gate” 
wire to the normal state, increasing its resistance 
by such a large factor that it functions as a switch. 
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Schematic diagram of a crossed-film cryotron shows its 
extreme simplicity. 


The author, together with John W. Bremer, sev- 
eral years ago began investigating the possibility of 
producing a cryotron of flat geometry, using metal 


and insulator films. Such a device, called the 
crossed-film cryotron (CFC), was successfully de- 
veloped and shows considerable promise as a switch 
and memory unit for computers and other large- 
scale electronic devices. Harold H. Edwards has as- 
sisted in further development of the CFC, together 
with Hubert Tanis and Donald McKellar. 

The general arrangement is shown in the draw- 
ing on this page. Current passed through the nar- 
row lead film produces a magnetic field which is 
capable of causing the tin “gate” film to become 
resistive. The two conducting films are separated 
by an insulating film. Operation of the device is 
not sensitive to impurities in the films. 

The CFC is operated in liquid helium at a tem- 
perature of about 3.6°K (—269°C). The tempera- 
ture chosen is well below the critical temperature 
of lead and just below that of tin, so that only a 
relatively small magnetic field is required to change 
the latter to the normal state. The lead control and 
the lead interconnections between elements remain 
superconducting throughout. 

A considerable increase in the operating speed 
of CFC circuits can be achieved by depositing them 
on an insulated superconductor or superconducting 
film so arranged that this film and the control are 
on opposite sides of the gate film. The speed is in- 
creased because the superconducting “ground 
plane,” by preventing the penetration of any mag- 
netic fields, considerably reduces the inductance of 
a conductor placed in its proximity. 


A.S.N.E. Journal, November, 196! 801 








SUPERCONDUCTIVITY 


G.E. RESEARCH LAB. BULLETIN 





CFC’s as Memory Units 





A cryotron storage cell and equivalent circuit. See text 
for explanation of how the cell can store information as an 
element in a computer. 


The way a CFC functions as a switching or 
memory unit in a computer can be understood with 
the aid of the diagram above, which shows 
how the films are arranged and an equivalent cir- 
cuit. If current is flowing between X and Z, most 
of it takes the path XZ rather than XYZ, because 
the former has much lower inductance. But when a 
current is passed through the input control, XZ 
becomes resistive and the current is diverted to 
path XYZ. It is an interesting property of super- 
conducting circuits that, when the input control 
current is switched off, the current will continue to 
flow through XYZ even though XZ becomes su- 
perconducting again. While the current continues to 
flow through path XYZ, it makes path MN resist- 
ive, thus controlling the next element in the circuit. 
If now the external current is cut off, a circulating 
current will continue to flow in the loop XYZX in- 
definitely, since the entire loop is superconductive. 

This circulating current can, of course, represent 
stored information, and the presence or absence of 
current in the element can be determined by testing 
path MN for resistance. 


Application to Computers 


The large improvements that crossed-film cryo- 
trons may make in computer performance are due 
to their small size, potential simplicity of produc- 
tion, and low power dissipation. It is estimated that 
18,000 CFC’s can be deposited in one square foot, 
assuming that each element is fed by four controls. 
It appears that 60 such one-square-foot arrays might 
be stacked into a volume of one cubic foot, leaving 
ample space between them for heat dissivation. This 
would give a density of slightly more than one mil- 
lion cryotrons per cubic foot. 

The heat dissipation of a typical CFC is less than 
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5 microwatts, so that a million of them, with each 
element excited on the average 10 per cent of the 
time, would have a total heat dissipation of less 
than one-half watt. Even the smallest conventional 
devices have individual dissipations of several milli- 
watts, so that adequate heat dissipation requires 
substantially lower packing density than with the 
cryotron. Small liquid helium refrigerators have 
been developed which would be able to keep an 
array of a million cryotrons at operating tempera- 
ture. 

The actual operation of a CFC is fast; there is no 
hysteresis and the transition from the supercon- 
ducting to the resistive state in the gate film is very 
sharp. The switching time is only a fraction of a 
millimicrosecond—so fast it has not yet been meas- 
ured accurately. However, the speed of operation 
of cryotrons is determined by the time constant of 
the circuit of which they are a part, which depends 
on the ratio of inductance to resistance in the cir- 
cuit. It is usual to define this time constant as that 
of the circuit in which one CFC drives another 
similar one. The CFC’s illustratetd have time con- 
stants of the order of 0.1 to 0.4 microseconds, de- 
pending on the gain used and the temperature of 
operation. As with other devices, the time constant 
can be reduced at the sacrifice of gain. For mem- 
ory circuits, where gain is not required, time con- 
stants in the millimocresecond range have been 
demonstrated. 


Computers of the Future 

Present-day computers use vacuum tubes or 
semiconductor devices for amplification and switch- 
ing, and magnetic cores for random access memo- 
ries. Many problems exist which no present com- 
puter is fast enough or complex enough to solve. 
Some of these problems could be solved by either 
greatly increasing the speed of operation, or by 
using millions of switching and storage elements. 

Production and assembly costs of computers 
using individual wired elements rise alarmingly as 
machine size and complexity grow, and machines 
having millions of switching elements would be 
prohibitively expensive. By making it simple to 
deposit large numbers of active electronic devices 
and their interconnections at one time, the CFC 
may well permit revolutionary advances in the 
capabilities of computers in the years ahead. 
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te DECLINE OVER the past 20 years of American- 
flag merchant vessels on the high seas should be a 
matter of serious concern to each of us in the ma- 
rine industry. Obviously the reasons underlying this 
unwelcome state of affairs are economic. As the 
competitive squeeze has become more acute, the 
need for lower costs in all segments of our marine 
industry has become more apparent. 

One of the substantial parts of American mer- 
chant marine costs is the capital cost which reflects 
the price of new vessels built in American ship- 
yards. 

Shipbuilding costs can be subdivided into the 
four fundamental elements of the ship’s sales price, 
namely—material, labor, overhead and profit. 


MATERIAL 

This is by far the largest category and the one 
over which the shipbuilder has the least control. If 
substantial progress is to be made toward lower 
costs, this area must receive the principal attention. 
This material item might be composed of the fol- 
lowing parts for a recent cargo vessel. 


Mill Products — Plates, shapes, bars, pipe, forg- 
ings, sheet, electric cable, castings, fasteners and 
RFR ips Fabia e a: $ 800,000 
Manufactured Goods — Special — Turbines & 
gears, boilers, propeller, turbine generator sets, 
hatch covers, cargo gear, W.T. doors, lifeboats, 
airports, evaporator, navigating equipment, an- 
chor gear, and other similar items peculiar to the 
wns DIE ose <aciresvnestekees $3,000,000 
Manufactured Goods—Normal—Valves, flanges, 
pumps, motors, fans, controls, fittings, electric 
fixtures, and similar items more closely allied 
with construction ashore ............. $1,000,000 
Services — Insurance, bonds, fees, dry-docking, 
subcontractors, tug-boats, model tests and other 
I ME o's o bake wee Sees ee $700,000 
The mill products are purchased at published 
prices and it does not appear, at least at the mo- 
ment, that much will be done to reduce the unit 
prices for these items. The principal avenue for 
improvement must lie in minimizing quantities pur- 
chased and extras specified. The predominant extra 
in shipbuilding is the quality extra on plates al- 
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though the shape extras are becoming substantial, 
particularly on specialty items. Freight costs also 
must be carefully considered due to the large quan- 
tities involved. 

Figure 1 shows the delivered price of steel plates 
and shapes at Chester, Pa. over the past several 
years. The base price of steel also is indicated. The 
divergence between the base price and delivered 
price reflects essentially the increased extras 
charged by the mills. Actual freight costs have va- 
ried +15 per cent from the 1950 base. Today as a 
result of using truck shipment, these rates are 
down about 10 per cent. 

We should bear in mind that the order of im- 
portance of this mill products category in the whole 
increases two or threefold when one considers 
tankers or bulk carriers rather than the cargo ves- 
sel under discussion. These mill products also form 
a part of the two manufactured goods categories. 
The author estimates this might amount to an addi- 
tional $200,000. 

The two “manufactured goods” categories indi- 
cated are really difficult to separate since special 
marine requirements tend to creep into the second 
group. The division into the two groups is inten- 
tional, however, since great cost reduction poten- 
tial exists in reducing our special marine require- 
ments to a more functional, reasonable and standard 
set of specifications. 

The “services” category is substantial. Many of 
the items involved do not contribute tangibly to the 
final product. A few of the items listed are not sub- 
ject to competitive pressures. The subcontracting 
portion can vary greatly from yard to yard. 


LABOR COSTS 


Labor costs in shipbuilding are dependent on two 
things, the number of man-hours of work required 
to build the ship and the average earned hourly 
rate. Shipyard labor in the US. is in general highly 
organized and affiliated with powerful national 
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labor unions. Wage patterns over the past several 
years have been set by one or another of the large 
unions and the industry has generally fallen in line 
with these patterns. Although the pace of these in- 
creases has slowed some in the past year, there is no 
tangible reason to believe that shipbuilding wages 
will not continue to advance along with other simi- 
lar industries as the years go by. 

Figure 2 shows the Atlantic Coast shipbuilding 
labor index of hourly earnings for the past 20 years. 
OVERHEAD CHARGES 
Shipyard overhead charges are composed essen- 
tially of costs which cannot be charged directly 
against a specific ship or job. They are consequently 
collected and periodically allocated to the various 
jobs in process on the most reasonable basis the 
accountants can derive. These charges cover es- 

sentially: 

1. Maintenance and repairs to plant and equip- 
ment. 

2. Wages and salaries not directly chargeable to 
a specific job—for example, toolroom attend- 
ants, storm labor, janitorial services, account- 
ing, supervision, power plant operators, etc. 

3. Fringe Benefits—Includes vacations, paid holi- 
days, unemployment insurance, group life and 
hospitalization insurance, etc. This is the most 
substantial item of overhead by a considerable 
margin. 

4. Utilities and Supplies—Electricity, fuel, water, 
gas, oxygen, welding and cutting supplies, 
lubricants, etc. 

5. Miscellaneous items including taxes, insurance, 
depreciation, administrative expense, interest 
and rental charges, etc. 

Overhead costs are usually allocated monthly on 
the basis of direct labor expended against each job. 
Consequently, overhead costs per ship are depend- 
ent, among other things, on the volume of direct 
labor expended in the entire shipyard. 

In the long run consideration of the ship-cost- 
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Figures 1 and 2. Indices of key shipbuilding cost factors. 
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reduction problem, depreciation as a part of over- 
head deserves special mention. The shipbuilding 
industry is faced with rising costs in replacing and 
modernizing its plant. Present depreciation prac- 
tices are not adequate in the writer’s opinion to 
allow the industry to properly modernize its facili- 
ties. 


PROFIT MARGIN 


Shipbuilding is first, foremost and fundamentally 
a business, and consequently the management of a 
shipbuilding firm is subject to the same influences 
which exist in every business. Customers, em- 
ployees, suppliers, stockholders and the community 
in which the business operates, are important fac- 
tors which must be considered in every company. 
A business enterprise cannot long exist without 
profits. It will not thrive without substantial profits 
to reinvest in better facilities. This is true of the 
shipbuilding business. 

An examination of the financial statements of the 
major shipbuilding companies over the past few 
years will indicate that profit margins are not ex- 
cessive. 


AREAS FOR ACTION 


One of the most serious problems facing us in 
establishing a sustained fruitful cost reduction pro- 
gram is group apathy. If a substantial number of 
the shipowners, designers and builders decide that 
this problem is really important, then tremendous 
strides can be made. If not, no progress is likely. 


Further, Owners and the Government must rec- 
ognize that the design and construction of an ocean 
going vessel is a task best solved through joint and 
cooperative efforts with the shipbuilder. Interest in 
cost reduction prior to bid openings must be sus- 
tained through the long design and construction 
period. 

Assuming this favorable environment, the basic 
areas involved must be approached one by one and 
a program for action in each area established. The 
author has set forth the problem areas as he sees 
them, the reasons for their importance and a pro- 
gram for action in each case. 


1. Paper Work—The application of judgment and 
reason to present administrative requirements will 
reduce costs substantially. Present requirements 
defy belief. 

a. Drawing-office practice has reached the point 
where it is dictated by administrative pro- 
cedures rather than construction requirements. 
Inspection procedures and requirements have 
become ponderous. No effort has been made to 
establish only those procedures needed to as- 
sure the construction of a serviceable vessel. 
The author’s company has built large vessels 
where approval by the owners was required 
twice; once at the plan-approval stage and 
once on acceptance. Under these conditions 


regulatory-body problems also tend to be mini- 
mized. These vessels have been successful and 
less expensive than their highly approved 
cousins. 

b. The owner is interested in the vital construc- 
tion plans for the vessel. Little useful purpose 
is served by submitting for approval the re- 
maining 70-80 per cent of the working plans, or 
in issuing these plans and all subsequent al- 
terations to all hands. The same reasoning 
should apply to material requisitions. 

c. There is no real need for many of the vendors 
plans and instruction books now required. 

d. Allowance lists, test reports, progress reports, 
and other miscellaneous items do not con- 
tribute to the operation of the vessel. Serious 
question as to their worth in their present 
form can be raised. For the allowance list for 
example, every one of the 500-odd pages is 
separately submitted for approval. 

e. Although adequate testing is essential, the 
present testing procedures for vessels in the re- 
placement program are cumbersome and over- 
conservative. 


Program for Action 
1. Resist all efforts to add to present paper work. 
2. Drastically revise administrative procedures to 
include only vital requirements. Retain the funda- 
mental requirement that the shipyard provide a 


suitable vessel subject to a guarantee of 6 months’ 
of normal operation. 


3. Sharply reduce the number of plans and ma- 
terial requisitions required to be approved. Reduce 
the distribution list for this data. 

4. Eliminate overlapping requirements of regu- 
latory bodies. 

5. Re-assess actual needs on instruction books, al- 
lowance lists, test reports and similar items. At least 
half of the present requirements can be eliminated. 

6. Streamline existing Maritime Administration 
test procedure, particularly the electrical portions. 

7. Reduce inspection staffs to more reasonable 
proportions. Use crew to supplement test staff as re- 
quired. 

PLANS AND SPECIFICATIONS 

Specifications for a pre-war vessel contained 
about 150 small pages. They were concise and com- 
plete. Today, specifications generally are at least 
ten times as large ana in general less effective. 

The “best” material is not required in many ap- 
plications. The test of material should be its ade- 
quacy, not its superiority. 

Due to administrative problems, particularly de- 
lay, no incentive exists to change existing specifica- 
tions to incorporate new or alternate ideas or meth- 
ods. 

Overspecifying of details of material and methods 
of construction is common in the industry today. 
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Program for Action 


1. Eliminate all extraneous language presently 
incorporated in specifications. Spell out functional 
requirements, not the method of manufacture. 


2. Specification limitations on shipyard methods 
should be carefully reviewed and deleted where 
restrictive unless sound reasons exist therefor. 


3. Ease administrative restrictions surrounding 
changes in specifications. Encourage “give and 
take” relationship and discourage legal and literal 
interpretations of specifications. 

4. Broaden and relax contract documents along 
same lines. 


AMERICAN “STANDARDS” OF CONSTRUCTION 


Vessels built to American “standards” will cost 
significantly more than vessels built only to Ameri- 
can requirements. There are real additional costs 
in building to American requirements. Initial cost 
is higher for fire proof construction, certain sani- 
tary requirements, additional fire fighting installa- 
tions, etc. 


The additional cost of building to American 
“standards” is far more difficult to justify. In fact 
these “standards” themselves tend to be difficult to 
justify. Consider the following examples: 


On recent subsidized cargo vessel designs on 
which bids have been received in the last 3 years, 
the stores reefer space has been divided into 4, 5, 
6 and even 7 compartments. The compartments tend 
to be cut up or rectangular rather than square. 

On the other hand, recent American-built U.S. 
and foreign-flag tankers generally have two com- 
partments, much more nearly square. 

The author estimates that the two walk-in boxes, 
typical of tankers, will be about $20,000 less ex- 
pensive than the five walk-in boxes of the same 
capacity and that the reach-in installation will be 
about $20,000 less expensive than the two walk-in 
box job. 

2. On every recent subsidized cargo vessel design 
on which bids have been received in the last 3 
years, the turbogenerators have been specified as 
closed machines requiring special salt-water coolers 
for forced air cooling. Many of these machines have 
also been specified with a 25 per cent overload re- 
quirement for hours. This overload rating inherent- 
ly requires the entire steam end including the 
condenser, etc., to be designed at 125 per cent of 
rated capacity. The generator end design is pred- 
icated on a certain allowable heat rise in a 2 hour 
time limit and presumably cannot be operated con- 
tinuously at this rating. This 2 hour concept bears 
no relation to actual ship service requirements. 

For years many U. S. and foreign built vessels 
have been equipped with open drip-proof machines 
at a saving of about $25,000 per ship. Maintenance 
costs are not excessive. Furthermore sizing the 
machines based on continuous operation of both 
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steam and electric end at the same rating will 
usually save $10,000-$15,000. 

3. On recent subsidized cargo vessel designs on 
which bids have been taken in the last 3 years, 
ventilation ductwork has been required to be fitted 
with flanges, presumably to facilitate the removal 
problem. This of course makes every piece of duct- 
work a “custom made” item which must fit ac- 
curately at both ends. 

For years many other U. S. and foreign vessels 
and home-heating systems have used ordinary slip 
joints in ductwork joints at a substantial initial cost 
saving. The advantages claimed for bolted ductwork 
during the life of the vessel are more theoretical 
than practical and are far outweighed by the initial 
cost. 


Program for Action 


1. Critically examine these so-called American 
“standards” to determine the essential nature of 
each. Eliminate those not contributing to safety and 
performance of vessel. 


DESIGN CHANGES DURING CONSTRUCTION 


Changes during the design and construction stage 
disrupt schedules beyond reasonable appreciation. 
The cost of a design change is extremely high, par- 
ticularly during the construction stage, sometimes 
resulting in the over-all cost of the work being sev- 
eral times its normal cost. Neither the shipyard nor 
the owner is usually satisfied with the final settle- 
ment. The remedy: 

1. Eliminate changes during design and construc- 
tion. 

2. Consider revising contract form to eliminate 
owners right to change without prior mutual agree- 
ment. 

STANDARDIZATION OF VESSELS 


Custom-built vessels and components contribute 
materially to high costs. Impressive savings can be 
realized through standardization. 

a. On duplicate ships or components, design and 
drawings, templates, patterns, jigs and fixtures and 
other development and set up costs can be spread 
over more units reducing cost per unit. 

b. The learning curves of all concerned are inter- 
rupted with even minor changes in specifications 
thus creating unnecessary costs. 

c. Design simplification and product improvement 
will result from focusing attention repeatedly on 
the same item. 

d. Standardized vessels and components will re- 
duce to a marked extent costly time pressure on 
delivery. The building task becomes much more 
orderly and manageable when the design problems 
are eliminated. 


Program for Action 


1. Reduce drastically the large number of de- 
signs under construction. The custom-built vessel 
cannot be built at a competitive price. 
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2. Insist on standard components. 


3. Modify the standard vessels to a minor degree 
after delivery to each owner, if necessary. 


COMPETITION 


Competition is undoubtedly a most effective fac- 
tor in reducing costs. Our economic philosophy has 
been based on this premise. Healthy competition 
invites innovation, initiative, invention and hard 
work. Prices are highest in those areas where com- 
petition does not exist. Ruinous competition and 
prices below cost will not produce long run econo- 
mies for our industry. 


Program for Action 


1. Encourage all forms of healthy competition. 

2. In those areas where one supplier dominates 
the field, nurture those others who can compete so 
that every area of the industry will eventually gain 
the benefits of healthy competition. 


SHIPYARD WORKLOAD 


Steady and continuing workload for shipyards is 
a prerequisite to important cost reduction. 

a. The strength and ability of any organization 
will vary directly with the caliber of people it can 
attract. Capable people are not attracted to 
ephemeral . enterprises. 


Program for Action 


1. Anticipate fleet replacement or new building 
requirements well ahead and carry through an 
orderly long range program despite minor fluctua- 
tions in the economic climate. 

2. Adjust major ship repair and conversion ac- 
tivity to complement new building programs. 

3. Increase diversification in shipyards. 


SHIPYARD PROBLEMS 


Many factors in the high cost of ships in this 
country are traceable to the shipyards. Methods 
and tooling are generally behind those existing in 
other American industries. The industry has not 
been noted for progressive thinking. Information 
has been closely held. Money spent for research and 
development has been minor. In general, plant and 
equipment in American yards is old and obsolete. 
Attitude has generally been a negative one, en- 
couraging subsidy and Government support. 


Program for Action 


1. Modernize management methods. 

2. Liberalize depreciation allowances to allow 
orderly replacement of plant and equipment. 

3. Recognize importance and inevitability of com- 
peting in the world market. 

4. Encourage interchange of information for good 
of entire industry. 

5. Channel research funds to this cost problem. 

The foregoing concepts and opinions involve com- 
plex, and, in some cases, controversial subject mat- 
ter. To obtain tangible results on these items re- 


quires concerted action on a broad basis by a lot of 
people. Our success in reducing costs across the 
board will be proportional to the vigor with which 
we attack the problems. 


FERTILE FUTURE FIELDS 


Our merchant marine industry has been accused 
of arch conservatism, horse and buggy thinking and 
lack of initiative and enterprise. A sound case can 
be argued along these lines. 


Pressure has been building up to alter this situa- 
tion. 


Consider the following areas for improvement. 
The rewards are great. 


DEVELOPMENT OF LIGHTER, MORE ECONOMICAL 
STRUCTURES 

Aircraft-skin thicknesses are measured in thou- 
sandths of an inch. Stiffening is far closer together 
than in marine structures. Experiments with alumi- 
num structures in this general direction have been 
very interesting. The development of thin gauge 
pressed steel] structures utilizing perhaps spot weld- 
ed stiffeners and baked enamel finishes would cer- 
tainly seem to be possible but have not even been 
explored. Much can be done to lighten present 
structures, particularly the deck houses. 


WORKING DRAWINGS 


The use of large scale engine room models to- 
gether with color coding of piping systems and 
photography techniques available today may make 
engine room drawings obsolete. Approvals by regu- 
latory bodies could be obtained through use of dia- 
grams, material bills and visits to the actual model. 
The use of the model on the job to assist in actual 
fabrication and assembly operations is certainly 
worth considering. 


COMPUTER APPLICATIONS 


The next step from present day lofting practice 
is obviously computer control of flame cutting ma- 
chines. This step presently awaits practicable de- 
velopment of mathematical lines, shell development 
and satisfactory template-making procedures. 

The use of computers in the engine room space 
allocation problem and the consequent possibility of 
optimizing piping runs, eliminating interferences, 
developing detailed piping and miscellaneous re- 
quirements is interesting, to say the least. 


ENGINE-ROOM MACHINERY 

Reduction in the number of engine room units re- 
quired will most effectively reduce costs. 

A common rail system for salt water service 
could conceivably reduce the number of salt water 
pumps on a modern cargo vessel by at least half. 

The use of standby prime movers for alternate 
purposes might affect substantial savings. For ex- 
ample,—if we could drive reefer compressors with 
the turbine of the standby turbo generator utilizing 
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a satisfactory declutching device, we could reduce 
the size of the generators themselves, eliminate 
breakers, wiring, reefer drive motors, controls, etc. 


ELECTRICAL SYSTEM 


Public utilities would not dream of operating 
their services at 0.8 power factor. In our business 
we design every current carrying item in our ships 
25 per cent oversize as a result of operation at .80 
power factor. Improvement here is overdue. 


FUEL 


The use of No. 6 oil involves serious tank clean- 
ing and boiler slagging problems. These undesirable 


characteristics of No. 6 oil forecast its eventual 
elimination from the marine industry and replace- 
ment perhaps with gas. 

The author has indicated several areas where im- 
provements are possible and necessary. Many other 
areas are ripe for development. Progress has been 
untenably slow. Too much of our research effort has 
been of the longhaired variety. At a time when our 
industry is being seriously challenged by competi- 
tive modes of transportation, we are being ham- 
pered by the shackles of our own conservatism. 
Only through a real exhibition of the traditional 
American traits of initiative, enterprise, invention 
and daring can we hope to beat back these chal- 
lenges to our very existence. 
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NEW WATER TUNNEL FOR PROPELLER AND HYDROFOIL TESTING 


The Ship Hydrodynamics Laboratory of the National Physical Labora- 
tory has recently put into service a new water tunnel, one of the largest 
in the world, for research work on propeller models up to 24 in. in diame- 
ter and for testing hydrofoils. The complete circuit is more than 500 ft. 
in length and has a water velocity through the test section of up to 50 
os, water pressures of 0 to 6 atmospheres can be accurately main- 
tained. 

The full circuit takes the form of a rectangle of steel tube, coated in- 
ternally to reduce skin friction, in the vertical plane with the vertical sides 
some 180 ft. in length, largely below the ground, joined by 87 ft. long 
horizontal legs. The circuit, in general, has a diameter of 10 ft. while the 
test section, in the upper horizontal limb, has a length of only some 7 #t. 
and a restricted diameter of 44 in. 

The large bore of the main body of the circuit is necessary to ensure 
the complete reabsorption of any air bubbles created by turbulence 
along the test length. Air bubbles produced in cavitation studies, in par- 
ticular, are difficult to bring back into solution and such reabsorption is 
vital before the water repasses through the test section. The slower flow 
and reduced wall friction and turbulence in the 10 ft. circuit combine wit. 
the increased pressure on the air bubbles, induced by the 180 ft. depth, 
to ensure a ‘clean’ flow of water through the test section. 

Circulation of water in the tunnel is effected by a 92 in. diameter axial 
flow impeller located about 35 ft. down on the down limb of the circuit— 
where there is a sufficient head of water to prevent cavitation. A variable 
speed drive from electric motors having a maximum continuous rating of 
| 052 h.p. is provided, and the impeller blade pitch can be adjusted, be- 
tween runs, to obtain optimum pumping characteristics over a variety of 
conditions. 

Model propellers under test are carried on a long downstream shaft, 
driven by a 300 h.p. motor, running in the test section. 

The circuit is pressurized initially, and pressure maintained during tests, 
by a Megator GH4 type pump set. This pump operates on a continuous 
recirculation through a small subsidiary tank, a by-pass valve permitting 
a proportion of the flow to be introduced or withdrawn from the main 
circuit. A servo system, connected with the monitoring instruments in the 
test section, regulates the by-pass valve and maintains the tunnel pressure 
within fine limits. 

Shipbuilding Equipment, August 1961 
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Ground Rules for Establishing Local Chapters. 
In accordance with the By-Laws of the Society, the Council has set forth 
the following rules to govern the establishment of a local chapter: 
“a) Twenty or more regular members, Naval or Civilian, may apply for a 
charter as a local chapter. 


b) Each application must be accompanied by a list of members and a copy 
of local By-Laws. The latter must meet the following minimum require- 
ments: 

1. All financial dealings of the local chapter must be independent of the 
Society and can in no way obligate the Society as a whole. The local 
—— shall be set up on a non-profit basis. All accounting shall be 
ocal. 

2. Each active local Chapter shall receive from the Society a grant of 
$0.50 per year for each naval member, civil member, associate mem- 
ber, junior member or student member who resides in the local area 
and who associates himself with the local chapter. 

3. Any technical papers presented at local chapter meetings, shall be 
submitted to the Secretary-Treasurer of the Society for consideration 
for publication in the JOURNAL. Any paper accepted will be paid 
for at regular rates. 

4. Each local chapter shall submit a quarterly report of its activities to 
the Secretary-Treasurer. These reports must reach Washington, 
D.C. prior to 15 January, 15 April, 15 July and 15 October. This re- 
port shall contain a list of active local members as of the first day of 
the quarter for the purpose of computing the annual grant. 

5. Associate, Junior and Student members of the Society shall be 
eligible for membership in a local chapter, entitled to all the privi- 
leges of other members except voting for and holding office in the 
Parent Society. The Council affirms the right of the Executive Com- 
mittee of any local chapter to exclude any applicant for membership 
in the local chapter regardless of the status of the applicant’s mem- 
bership in the Society. 


The local chapters of the Society are: 


Chapter number 1 Flagship Section-Baltimore-Washing- 
ton-Annapolis, Area 


Formation being discussed New York, New York 


Initial interest reported Houston, Texas 
Honolulu, T.H. 


ACTIVITIES OF LOCAL CHAPTERS are reported on the following page. 
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CHAPTER NUMBER ONE 


THE FLAGSHIP SECTION 
Baltimore and Annapolis, Maryland-Washington, D.C. Area 


Charter granted 28 April 1961 


Officers: 


Chairman: Mr. Uriah L. Allen, Jr. 
Vice Chairman: Mr. Frank J. Smollen 
Secretary: Mr. Herbert F. Hathaway 
Treasurer: Mr. Rupert A. Blue 


Councilors: 


3 year term: Rear Admiral C.M.E. Hoffman, USN (Ret) 
2 year term: Mr. Irving G. Herman 
1 year term: Captain Vernon E. Day, USCG 

Address: The Secretary Flagship Section, ASNE 


Mr. H. F. Hathaway 


c/o General Electric Co. 


111 Park Avenue 


Baltimore 1, Maryland 


ACTIVITY 

The Executive Committee held a meeting on 29 
August 1961. In attendance were Allen, Blue, Day, 
Hathaway and Hoffman plus Committee Chairman: 
Ciaramaglia, Elliott and Glenn. 

Plans for the initial technical meeting were 
firmed up as announced below. 

The date for the following technical meeting was 
set as 5 December 1961 with details as described 
below. 

Other business was disposed of. 

The Section held its first technical meeting on 
3 October 1961 at the U.S. Coast Guard Yard at 
Curtis Bay, Maryland. Sixteen members with 
eleven guests and about 18 persons associated with 
the yard as guests of the host, Captain Day, Com- 
manding Officer of the Yard, attended. 

Following dinner and exceptional social amenities 


provided by Captain Day, the group heard the first 
Society-sponsored technical talk entitled “Exotic 
Power Sources” by Commander Joe W. Thornbury, 
USN, Bureau of Ships, Navy Department. This pa- 
per is printed in this JouRNAL on page 647. 


Lieutenant Commander O’Connell, introduced by 
Captain Day, described the thermo generator which 
the Coast Guard is developing. He pointed out that 
whereas Commander Thornbury’s talk indicated 
primary interest in the development of large blocks 
of power, the Coast Guard’s interest is in power in 
the order of 5 watts. 


The talk was followed by discussion and a tour 
of the yard. Among other things, the 5 watt thermo 
generator which the Coast Guard is developing for 
buoy lighting, and glass cloth and epoxy boat con- 
struction were seen. 


FLAGSHIP SECTION TECHNICAL MEETING 


The second technical meeting of the Flagship Section will be held on 5 
December 1961 at 8:00 p.m. at the Potomac Electric Power Company Audi- 
torium, 10th and E Streets, N.W., Washington, D. C. The speaker of the evening 


will be 


Dr. Gene Strull, 
Manager Solid State Advanced Development Laboratory, Westinghouse Air 
Arm Division, Baptimore, Md. Dr. Strull’s topic will be 
“Molecular Electronics” 
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CHANGES IN MEMBERSHIP 


NAVAL 


Buttermore; Jack Earl, LT, USCG 
U. S. Coast Guard Yard 
Baltimore 26, Maryland 


Hirsch, Robert Allan, LTJG, USNR 
Marine Enginer, U. S. Maritime Admin. 
Mail: 1865 University Avenue, Bronx 53, N. Y. 


Horsley, Frederic Eugene, CWO -W3, USN (Ret.) 
Mail: 9243 Marlow Avenue 
Norfolk 3, Virginia 


Ireland, Richard James, LTJG, USNR 
John I. Thompson Co., Washington, D. C. 
Mail: 3210 19th Street, North, Arlington, Va. 


Ludwig, Marlin Clifford, CAPT, USNR 
Vice President, Equitable Equipment Co., Inc. 
Mail: 34 Versailles Blvd., New Orleans 25, La. 


Nolte, George H., CAPT, USNR 
Military Sales Engineer, Pratt & Whitney Aircraft 
Mail: 43 Race Brook Road, West Hartford 7, Conn. 


Ottone, Richard Michael, LTJG, USN 
Marine Engineer 
Mail: 81 Yale Street, Williston Park, L. L, N. Y. 


Sherwin, Sidney Allyn, Jr., CAPT, USN 
Head, Electronics-Electrical Design Branch 
Bureau of Ships, Navy Department 
Mail: 5800 Durbin Road, Bethesda 14, Md. 


The Society announces with pleasure that the follow- 
ing have joined its ranks since the publication of the 
August 1961 issue of the Journal. 


Trainor, Eugene F., LT, USCGR-R 
Senior Engineer, Shipbuilding Div., Bethlehem 
Steel Co. 
Mail: 11 Strawberry Lane, Scituate, Mass. 


CIVIL 


Behr, Joseph Louis 
Chief Engineer, Vickers, Inc., Electric Products 
Division 
1815 Locust Street, St. Louis 3, Mo. 


Brown, Elisha Albert 
Master - Shipfitter 
Mail: 607 Brian Street, Baltimore 25, Md. 


Chenowith, Franklin Henry 
Foreman Machinist, USCG Yard 
Mail: Box 240-B, Pasadena #1, AA Co., Md. 


Crook, Richard Francis 
Design Engineer, Westinghouse AirArm Division, 
Hydraulic Group 
Mail: Route 2, Box 610, Severna Park, Md. 


Curry, Charles Caleb 
Sales Engineer, Commercial Engineering Co. 
1627 K Street, N.W., Washington 6, D. C. 


Dougherty, James Robert 
Chief Engineer, Maryland Shipbuilding and Dry 
Dock Co. 
Mail: 517 Overbrook Road, Baltimore 12, Md. 


High, Martin Alvin 


Master Machinist, U. S. Coast Guard Yard 
Baltimore 26, Md. 
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CHANGES IN MEMBERSHIP 








Mustard, James A., Jr. 
Asst. to the V. P.—Marketing, Exide Industrial 
Marketing Div. 
The Electric Storage Battery Co. 
Mail: Box 5723, Philadelphia 20, Pa. 


ASSOCIATE 


Cerar, Peter V. 
Regional Director, Marketing 
American Bosch Arma Corp. 
Mail: 11 Thea Lane, Huntington, N. Y. 


Dews, Gary Paul 
Marine Engineer, San Francisco Naval Shipyard 
Mail: 2620 Laguna Street, Apt. #3, San Francisco 
23, Calif. 


Lopes, Lino Antunes, First LT, Portuguese Navy 


Chief Engineer, Hydrography Mission of Angola & 


S. Tome 
Mail: N.R.P. Carvalho Araujo, Luanda, Angola, 
Portugal 


Marshall, Don Murray 
President, Bogue Electric Mfg. Co. 
52 Iowa Avenue, Paterson, N. J. 


STUDENT 


Carabine, Brian Patrick 
1964 Class, Manhattan College Engineering Dept. 
Sebonac Road, Southampton, N. Y. 


Lampell, Lloyd F. 
Pratt Institute, School of Engineering 
Part-time employment: N. Y. Naval Shipyard 
Mail: 138-33 232 Street, Laurelton 13, N. Y. 


Piersall, Richard F., MIDN, 4/C 
State University of New York Maritime College 
New York 65, N. Y. 


Vaudreuil, Wilfred Joseph, Jr. 
1963 Class, Duke University 
Box 4668, Duke Station, Durham, N. C. 


JUNIOR 


Eckels, Donald Erdmann, LT, USN 
Box 1711, USNPS 
Monterey, Calif. 
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REINSTATED 
Adair, James MacCracken .....................- Civil 
NEN INE cracvicikiy area old vials ave wie weao is ae Naval 
UE re CR Er WD. o.oo ek he ease dalntewes Naval 
ERY: AMIN NES io ood eace. os eiorenete:e sive rs eieaoe ens Civil 
RESIGNATIONS 
eines RN ooh Fain nS AiSoh.6 do biacaeeateeeune Civil 
Crreer, TIOWOre: J. onc. oes cc vec siccwces Associate 
NN PIII hoo ok svar esl a arate ey whoutnw eee Naval 
Laube, Clarence Edward, LT, USN ............. Naval 
Biot’, Tencle TT CS ik cece Widens ees temaeh cde Naval 
ME, ON bBo tee on een. eosin Civil 
Petroff, Christopher C., LCDR, USN ........... Naval 
DEATHS 


It is with deep regret that we announce that 
since the last Journal we have received notice of 
the deaths of the following members: 


MES Er io ie eaigeres aa oan Seanee es Civil 
Boys, Milburn G., CDR, USNR............. Naval 
RR UN ES sb inccecees ceemiecccesces Civil 
ews, TNE ness eee ek So es Civil 
eee See oe oi eeb ce ck rnceeeatees Civil 


Jennings, Howard L., LCDR, USN(Ret.)...Naval 


MacDonald, WUMAM AL 85.8 RS Civil 
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BOOKS RECEIVED 


“Metallic Fatigue” by W. J. Harris. A broad sur- 
vey of the major factors which affect the fatigue be- 
havior of metals. Included is a survey of testing 
machines and apparatus as well as full consideration 
of theoretical treatments. Published by Pergamon 
Press, Inc., 122 East 55th Street, New York 22, New 
York. 331 pages, $12.50. 

“Stress Concentrations Around Holes” by G. N. 
Savin. This book deals thoroughly with the problem 
of stresses set up around holes of various shapes in 
beams and plates subject to different kinds of load- 
ing. Professor J. N. Goodier, in a review, stated that 
this is one of the six most important books on elas- 
ticity published in the last decade. Published by 


Pergamon Press, Inc., 122 East 55th Street, New 
York 22, New York. 430 pages, $15.00. 

“The Theory of Lebesgue Measure and Integra- 
tion” by Stanistaw Hartman and Jan Mikusinski. A 
brief text on the theory of Lebesgue measure and 
integration simplified so that a background in ele- 
mentary calculus is sufficient for understanding. 
Published by Pergamon Press, Inc., 122 East 55th 
Street, New York 22, New York. 176 pages, $5.00. 

“Transactions of The Royal Institution of Naval 
Architects” Volume 102, 1960, edited by Captain 
A. D. Duckworth, R. N., secretary of the institution. 
Published by the Royal Institution of Naval Archi- 
tects 10, Upper Belgrave Street, London, S. W. 1, 
England. 715 pages. 


PAPER REVIEW 


The Hydrodynamical Performance of Migratory Salmon 
by M. F. M. Osborne 
U.S. Naval Research Laboratory 


The Navy has engaged in research in marine biology for many years with- 
out general acceptance of the pertinence of such investigations to naval archi- 
tecture and engineering. The paper here mentioned is one outcome of this 
research. It was published in the Journal of Experimental Biology in Great 
Britain in 1961; Volume 38, pages 365-390. The paper is too long for reproduc- 
tion here but the following summary, reprinted from it indicates the possible 
pertinence to subjects of specific interest to readers of this JouRNAL. 


SUMMARY 

The annual spawning migration of Pacific Coast 
salmon up the Columbia and Amur rivers has been 
analysed as an experiment on the maximum range 
of an unrefuelled vehicle, since the fish do not eat 
during this migration. The fuel (primarily fat) 
available to real fish is compared to that computed 
for an equivalent rigid vehicle with the following 
performance specifications which may be regarded 
as optimum ones for marine vehicles. 

1. A choice for the speed of ascent against the 
average river current corresponding to the least 
fuel consumption, without seeking systematically 
either low- or high- velocity water. 

2. A drag coefficient corresponding to a turbulent 
boundary layer with no separation. 

3. An overall efficiency of 23 percent for convert- 
ing the heat of combustion of the fuel to directed 
kinetic energy in the wake. Under these assump- 
tions, the vehicles usually require slightly more 
fuel than the corresponding fish which they are in- 
tended to approximate; in the case of blueback 
salmon, the vehicle requires about five times as 
much. One, therefore, concludes that the fish have a 
performance superior to that of the best engineered 
rigid vehicles, as defined and operated under the 
above three specifications. Suggested explanations 
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for the apparently superior performance of the fish 
are: 

(1) a deliberate seeking, by the fish, of low-ve- 
locity water close to the bottom or shoreline; 

(2) the ability of the fish to maintain a laminar 
rather than turbulent boundary layer; 

(3) the ability of the fish to extract energy from 
the turbulent velocity fluctuations of the river. 

Analysis of salmon counts over the Bonneville 
and Rock Island dams on the Columbia River 
shows that the average velocity of the fish upstream 
is influenced by the velocity of the water down- 
stream in the following peculiar fashion, depending 
upon whether one considers water-velocity varia- 
tions through the course of a year, or variations at 
a fixed season of the year, from one year to the 
next. The general effect of the water velocity as it 
varies through a year, is to slow the fish down 
when the water velocity is large (at the June flood 
peak) and to permit faster ascent when the water 
velocity is less, in both preceding and following 
months. But at a fixed season of the year, prior to 
the flood peak in June, relatively high-velocity 
water slows them down. These relationships are in 
agreement with other biological observations and 
with an analysis of navigation for minimum fuel 
consumption. 
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ASSOCIATION NOTES 


ORIGINAL ARTICLES 


The editor of the JouRNAL is most anxious to obtain manuscripts of original 
articles on subjects of interest to naval engineers. Any manuscript accepted for 
publication becomes the property of the Society which copyrights it upon pub- 
lication. Authors are paid from $50.00 to $250.00 depending upon length, interest 
and professional value. Payment is made at time of acceptance. 


The rules for manuscripts are as simple as we can make them. 


1. They must be legible (typewritten, double-spaced preferred) since no 
proof is submitted to authors for correction prior to printing. 


2. Single copy only is required. 


3. Mathematical formulae used must be set up, preferably by hand printing, 
so that there can be no question as to symbols, subscripts and exponents. 


4. Any drawing submitted must be black on white. A cloth or paper tracing 
is acceptable but not required. 


5. Photographs may be negatives, but glossy prints are acceptable. 


6. Include on a separate page a short biographical sketch(es) of the au- 
thor(s). 50 to 100 words for each author is desired. 


Manuscripts should be addressed to: 


Secretary-Treasurer 

American Society of Naval Engineers, Inc. 
1012 14th St., N.W. 

Washington 5, D.C. 


Each author who is subject to the Security Regulations of the Department of 
Defense, is personally responsible for the clearance of an original article before 
submitting it to the Society for consideration. In forwarding manuscripts, a 
statement in this regard should be included. 


Manuscripts accepted will not be returned unless specifically requested by 
the author. If returned, they will be in the condition which has resulted from 
the work of the printer and the engraver. Immediately following publication, 
the author is furnished 20 reprint copies of his article free of charge. Additional 
copies may be purchased from the Society if the request is received 30 days 
prior to the publication date which is the 25th of the issue month. Estimate of 
cost of additional reprints, which will vary with the nature of the article and 
the number of copies ordered, will be furnished on request as soon as possible 
after the article is set up. 


Manuscripts not accepted will be returned, postpaid, by the Society. 


Manuscripts which are accepted will be published in the earliest JouRNAL 
which has not yet been closed (60 days before publication) and for which suf- 


ficient material is not already on hand. 
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PHOTOGRAPHS 


Photographs of current or historical interest to readers of the JOURNAL are 
desired. Any which are accepted by the Society will be purchased by the Society 
at a standard price of $5.00 each. Such purchase will not include any copyright 
by the Society, but the contributor must hold the Society free from any charge 
of violation of any previous copyright. 


NOTICE OF DEATHS 


The Society has no satisfactory machinery for obtaining notice of deaths of 
members. It is particularly desired that we receive such notice upon the death 
of any past officer, past member of the Council or member of more than twenty 
years’ standing with photographs and short obituaries. It will be appreciated 
greatly if any member who learns of the death of a member will advise the 
Secretary-Treasurer. 


COPIES OF JOURNALS 


The Society has made arrangements with the Johnson Reprint Corp. to 
be our sole representative for the sale of copies or reproductions of any 
Journals or parts of Journals which were printed prior to 1951. Any requests 
or inquiries which are received by the Society for these will be forwarded 
without any action by us. 

When making inquiries as to the procurement of or orders for copies or 
portions of any Journal from Volume 1 (1889) through Volume 62 (1950) 
please address 

Johnson Reprint Corp. 
111 5th Avenue, New York, N.Y. 


For Volume 63 (1951) and later address the Society. 


PERMISSION TO REPRINT 


All material published in the JourNAL, except the articles which are prefaced 
with an “Acknowledgement,” are copyrighted by the American Society of 
Naval Engineers. 

Permission is granted to reprint any copyrighted material contained herein 
if the following conditions are met: 

a) The article is reprinted in full. Extracts or summaries or condensations 
may be printed with the consent of the author. 

b) Credit is given to the JouRNAL with reference to the issue. 

c) Credit is given to the author. 

d) If the author is a military officer or a civilian employee of the Depart- 
ment of Defense, the following note shall be carried: 

“The views expressed herein are the personal opinions of the author and are 


not necessarily the official views of the Department of Defense or of a Military 
Department.” 
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APPLICATION FOR MEMBERSHIP 
IN THE AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 


(See reverse side for required qualifications for various classes of membership) 








Date 
[, hereby apply for membership 
in the American Society of Naval Engineers, Inc., and enclose $10.00 as my 
annual membership dues for the year , $8.00 of which is for a 





subscription to the JoURNAL OF THE AMERICAN Society oF NAvaL ENGINEERS, 
Inc., for one year. I submit the following information: 


For Naval Membership 


Name __ 





(First) (Middle) (Last) 
Rank File No. 








Business connection and position, if any 





For Civil Membership 


Name _ 





(First) (Middle) (Last) 


Years in engineering work 





Years in responsible charge of important work . 


Present business connection and position = 


Recommended by (two members) 





Name 





(First) a) °° ow 


Rank, if Commissioned Officer of 
U. S. Army or of foreign mili- 
tary or Naval service 





Date of Birth (For Juniors Only) - 


Business connection and position — = SE 





Recommended by (one member) __- 








Signature of Applicant 
*Submit only $6.00 for Junior membership 
Address for JouRNAL and Mail 








MAIL TO SECRETARY-TREASURER 
THe AMERICAN Society oF NAvAL ENGINEERS, INC. 
Suite 403 Continental Building 
1012 14th Street, N.W., Washington 5, D.C. 


Company Memberships NOT Available 
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QUALIFICATIONS FOR MEMBERSHIP 


Commissioned and ex-commissioned officers, warrant and ex-warrant officers, and 
reserve (commissioned and warrant) officers, of the Navy, Coast Guard and Marine 
Corps, of the United States, active or retired, shall be eligible as Naval Members. 
Persons eligible as Naval Members shail be admitted upon application and payment 
of annual dues. 


Persons in civil life whose knowledge of engineering is such that they can co- 
operate with Naval engineers in the promotion of professional knowledge may be 
eligible as Civil Members. They shall have been in the active practice of an engi- 
neering profession for at least eight years and in responsible charge of important 
work for five years, and shall be qualified to design as well as to direct engineering 
work, Fulfilling the duties of a professor of engineering who is in charge of a de- 
partment in a college or school of accepted standing shall be taken as an equivalent 
to an equal number of years of active practice. Graduation from a school on engi- 
neering of recognized standing shall be considered as equivalent to two years of 
active practice. Persons eligible as Civil Members may be admitted upon applica- 
tion and payment of annual dues, provided that the application is accompanied by 
the recommendation of two members and provided that the application shall receive 
the approval of a majority of the Council. 


Persons in civil life who are not eligible for civil membership, but who are espe- 
cially interested in naval matters or the merchant marine may be eligible as Asso- 
ciate Members. Commissioned officers of the United States Army, United States Air 
Force and of foreign military and naval services may be eligible as associate mem- 
bers. Persons eligible to associate membership may be admitted upon application 
and payment of annual dues, provided the application has the recommendation of a 
member and provided the application shall receive the approval of a majority of the 
Council, except that in the case of commissioned officers of the United States Army, 
of the United States Air Force, and of foreign naval and military services, the rec- 
ommendation of a member will not be required. 


The annual dues shall be $10.00, payable on 1 January in advance of which $8.90 
shall be for subscription to the Journat of the American Society of Naval Engi- 
neers, Inc., for one year. 


Any person eligible for either Naval Membership or Civil Membership, except 
for the experience requirement, and is less than 30 years of age shall be admitted 
as Junior Members at $6.00 per year. 


Undergraduates at schools to be named by and under regulation to be issued by 
the Council shall be admitted as Student Members at $3.00 per year. 


The transition from Student to Junior to Regular Membership in the appropiate 
category shall be automatic unless request to terminate membership be made in 
writing prior to the transition date. 


Associate, Junior and Student Members shall be entitled to all the privileges of 
other members except voting and holding office. 
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Secretaries of the 


AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 


Captain J. E. Hamilton, U. S. Navy Retired, Secretary-Treasurer 
Commander Joe W. Thornbury, U.S.N., Assistant Secretary-Treasurer 





1889 P.A. Engineer R. S. Griffin, U.S. Navy 


1890 Assistant Engineer W. M. McFarland, U.S. Navy 


1891 Assistant Engineer Emil Theiss, U.S. Navy 
1892-93 P. A. Engineer W. M. McFarland, U.S. Navy 
1894-95 P. A. Engineer R. S. Griffin, U. S. Navy 
1896-97 P. A. Engineer F.C. Bieg, U.S. Navy 
P. A. Engineer W. M. McFarland, U.S. Navy 
Chief Engineer A. B. Willits, U.S. Navy 
Lt. Comdr. A. B. Willits, U.S. Navy 
Lieutenant B. C. Bryan, U.S. Navy 
Lieutenant C. W. Dyson, U. S. Navy 
Lt. Comdr. John R. Edwards, U. S. Navy 
Lieutenant M. E. Reed, U. S. Navy 
Lieutenant W. W. White, U. S. Navy 
Lieutenant C. K. Mallory, U.S. Navy 
1907-08 Lt. Comdr. T. C. Fenton, U.S. Navy 
1908-10 Lieutenant H. C. Dinger, U. S. Navy 
Commander U. T. Holmes, U. S. Navy 
Lieutenant John Halligan, U.S. Navy 
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1933-34 Commander H. B. Hird, U. S. Navy 
1935-36 Commander C. S. Gillette, U. S. Navy 
1936-38 Commander Roger W. Paine, U. 8. Navy 
1938-40 Lt. Comdr. Guy Chadwick, U. S, Navy 
1940-44 Captain J, E. Hamilton, U. S. Navy 
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1945-48 Captain F, W. Walton, U.S, Navy 
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